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(54) Image forming apparatus and method 

(57) An image forming apparatus includes an image 
bearing member that bears a visual image, a visual inn- 
age forming device that fomis the visual image on the 
image bearing member, and a two-side transfer device 
including a recording medium holding member span- 
ning a plurality of stretch members to hold a recording 
medium thereon. The two-side transfer device transfers 
the visual images on the image bearing member onto 
both sides of the recording medium on the recording me- 



dium holding member while the recording medium hold- 
ing member is being moved in a predetermined direc- 
tion. The image bearing member intrudes into a part of 
the recording medium holding member spanning two 
adjacent ones of the plurality of stretch members by an 
intrusion amount of about 0.2 mm or greater so that the 
recording medium holding member moves in contact 
with the image bearing member, having a contact width 
in a predetermined direction. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an image 
forming apparatus such as a copying machine, a printer 
and a facsimile machine, and method of f omiing an im- 
age on a recording medium. 

Discussion of the Background 

[0002] Image fomning apparatuses which fomn imag- 
es on both sides of a recording medium such as a trans- 
fer sheet by a so-called switchback method are known. 
[0003] In the switchback method, a visual image such 
as a toner image which has been formed on an image 
bearing member is transferred onlo one side of a record- 
ing medium by a transfer device and is then fixed onto 
the one side of the recording medium by a fixing device. 
The recording medium is then reversed by a reversing 
path, etc., and is conveyed again to the transfer device 
and the fixing device so that another visual image which 
has been fomied on the image bearing member is trans- 
f rred and fixed onto the other side of the recording me- 
dium. 

[0004] In the above image forming apparatuses using 
the switchback method, because a switchback mecha- 
nism for reversing a recording medium to be conveyed 
again to the transfer device and the fixing device is nec- 
essary, the cost of the image forming apparatus may be 
increased. Further, a high speed Image formation on 
both sides of a recording medium may be difficult to be 
performed due to a switchback process. Moreover, a 
sheet jam may tend to occur at a time of the switchback 
process because a recording medium may tend to be 
curled when an image Is fixed onto one side of the re- 
cording medium by heat. 

[0005] FIG. 20 illustrates a schematic view of a back- 
ground image forming apparatus in which visual imag- 
es, which have been transfen^ed onto both sides of a 
recording medium from a first Image bearing member 
and a second image bearing member, are fixed at one 
time. Specifteally, the Image fonning apparatus trans- 
f rs a first visual image formed on a photoreceptor 301 
serving as a first image bearing member onlo a transfer 
belt 302 serving as a second image bearing member by 
a first transfer device 303 and then transfers a second 
visual image formed on the photoreceptor 301 onto one 
side of a transfer sheet 304 by the first transfer device 
303. Thereafter, the imago forming apparatus transfers 
the first visual Image on the transfer belt 302 onto the 
other side of the transf r sh 1 304 by a second transfer 
device 305^ thus transferring the visual images on both 
sides of the transf r sheet 304. The transfer sheet 304 
is then conveyed to a fixing d vice 306, wher the visual 
images are fixed onto both sides of the transfer sheet 



304 at one time. 

[0006] In the background image forming apparatus of 
FIG. 20, because the above-described switchback 
mechanism and process are not necessary, an increase 
5 of the cost of the apparatus and occurrence of sheet jam 
in a switchback process may be prevented. Further, a 
high speed image formation on both sides of a recording 
medium may be perfomried. 

[0007] However, in the background image fonning ap- 
10 paratus of FIG, 20, a transfer nip part fonned between 
the photoreceptor 301 and the transfer belt 302 is rela- 
tively small. In other words, the photoreceptor 301 con- 
tacts the transfer belt 302 in a point contact state. In such 
the point contact state, stable transfemng of an image 
*5 may be difficult to be perfonned. Unstable transferring 
of an image may result in an inferior transfer of an image 
such as image blurring, 

SUMMARY OF THE INVENTION 

20 

[0008] According to one aspect of the present Inven- 
tion, an image fonming apparatus includes an image 
bearing member configured to bear a visual Image, a 
visual image forming device configured to form the vis- 

25 ual image on the image bearing member, and a two-side 
transfer device including a recording medium holding 
member spanning a plurality of stretch members to hold 
a recording medium thereon. The two-side transfer de- 
vice is configured to transfer the visual images on the 

30 image bearing member onto both sides of the recording 
medium on the recording medium holding member while 
the recording medium holding member is being moved 
In a predetermined direction. The image forming appa- 
ratus further includes a fixing device configured to fix 

35 the visual images transfenred onto the both sides of the 
recording medium. The image bearing member intrudes 
or meshes into a part of the recording medium holding 
member, the recording medium holding member being 
deflected by an intmsion amount of about 0.2 mm or 

40 more so that the recording medium holding member 
moves in contact with the image bearing member, hav- 
ing a contact width in a predetermined direction. 
[0009] Furthemnore, at least some of the short coming 
described with reference to the prior art are also at least 

^5 partially overcome by the subject-matters of the inde- 
pendent claims. Advantageous embodiments are de- 
fined by the subclaims. 

[0010] Objects, features, and advantages of the 
present invention will become apparent from the f ollow- 
50 ing detailed description when read in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0011] A more complete appreciation of the present 
inv ntion and many of th attendant advantages thereof 
will be readily obtained as the same becomes better un- 
derstood by reference to the following detailed d scrip- 
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tion when considered in connection with the accompa- 
nying drawings, wherein: 

FIG. 1 is a schematic cross sectional view of a print- 
er as an example of an image forming apparatus s 
according to an embodiment of the present inven- 
tion; 

FIG. 2 is a perspective view of a host computer and 
the printer of FIG. 1 ; 

FIG. 3 is an enlarged view of a construction of a part io 
of a two-side transfer device and a photoreceptor 
of the printer of FIG. 1; 

FIG. 4 is a schematic view of a pair of registration 
rollers and a transfer nip part between the photore- 
ceptor and a sheet conveying belt in the printer of is 
FIG. 1; 

FIG. 5 Is a cross sectional view of a part of the sheet 
conveying belt of the two-side transfer device; 
FIGs. 6A and 6B are schematic views for explaining 
a contacting/separating mechanism in the two-side 20 
transfer device according to the embodiment of the 
present invention; 

FIG. 7 is a schematic view of a part of the two-side 
transfer device and the photoreceptor according to 
an alternative example; 25 
FIG. 8 is a schematic cross sectional view of the 
printer of FIG. 1 when a frame of a main body of the 
printer is opened; 

FIG 9 is a schematic cross sectional view of a print- 
er according to another embodiment of the present 30 
invention; 

FIG. 10 is a perspective view of a host computer 
and the printer of FIG. 9; 

FIG. 1 1 is a schematic cross sectional view of a re- 
volver-type developing device of the printer of FIG. 35 

9; 

FIG. 12 is an enlarged view of a construction of a 
part of a two-side transfer device and an intenmedi- 
ate transfer belt of the printer of FIG. 9; 
FIG. 1 3 is a schematic view of a pair of registration 40 
rollers and a secondary transfer nip part between 
the intennediate transfer belt and a sheet conveying 
belt in the printer of FIG. 9; 

FIGs. l4Aand 14B are schematic views for explain- 
ing a contacting/separating mechanism in the two- 
side transfer device according to the another env 
bodiment of the present invention; 
FIG. 1 5 is a schematic view of a part of the two-side 
transfer device and the Intermediate transfer belt 
according to an alternative example; so 
FIG. 1 6 Is a schematic cross sectional view of a 
printer according to another embodiment of the 
present invention; 

FIG. 17 is a block diagram illustrating a part of an 
electric circuit of th printers according to the em- 55 
bodiments of the pr sent inv ntion; 
FIG. 1 8 is a graph illustrating a relationship between 
a transfer rate of a toner image and an intrusion 



amount of the photoreceptor or the intemriediate 
transfer belt into the sheet conveying belt; 
FIG. 19 is a graph illustrating a relationship between 
a lifting amount of a transfer sheet and an intrusion 
amount of the photoreceptor or the intenmediate 
transfer belt into the sheet conveying belt; and 
FIG. 20 is a schematic view of an image forming 
apparatus according to a background art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Preferred embodiments of the present inven- 
tion are described in detail referring to the drawings, 
wherein like reference numerals designate identical or 
corresponding parts throughout the several views. 
[0013] FIG. 1 is a schematic cross sectional view of 
an image fonning apparatus to which a present inven- 
tion is applied. In this embodiment, the image forming 
apparatus of FIG. 1 is an electrophotographic printer 
(hereinafter simply referred to as a printer). 
[0014] Refen-ing to FIG. 1, a printer 100 includes a 
drum-shaped photoreceptor 1 serving as an image 
bearing member at a substantially central part of the 
printer 100 in a vertical direction. Anranged around the 
photoreceptor 1 are a cleaning device 2, a discharging 
device 3, a charging device 4, and a developing device 
5. In this embodiment, the photoreceptor 1 , the cleaning 
device 2, the discharging device 3. the charging device 
4. and the developing devbe 5 are integrally assembled 
in a process cartridge 6. The process cartridge 6 is re- 
placed with a new one when its useful lifetime ends. 
[0015] The charging device 4 is driven to rotate in a 
clockwise direction in FIG. 1 by a drive device (not 
shown) so as to unit onmly charge the surface of the pho- 
toreceptor 1 with a negative polarity. The uniformly 
charged surface of the photoreceptor 1 is exposed to 
laser light emitted from an exposure device 7 (details of 
which are described later), and thereby an electrostatic 
latent image is formed on the surface of the photorecep- 
tor1. 

[001 6] The developing device 5 develops the electro- 
static latent image on the photoreceptor 1 with toner ac- 
commodated in the developing device 5 to form a toner 
image. The toner image on the photoreceptor 1 is trans- 
ferred onto a sheet conveying belt 10 or a transfer sheet 
P by a two-side transfer devrce 20. The details of the 
two-side transfer device 20 will be described later. 
[0017] The cleaning device 2 removes unnecessary 
toner remaining on the surface of the photoreceptor 1 
after the toner image is transferred from the photorecep- 
tor 1 onto the sheet convoying bolt 1 0 or a transfer shoot 
P. After the cleaning device 2 removes residual toner on 
the photoreceptor 1 , the surface of the photorec ptor 1 
is uniformly discharg d by the discharging devbe 3 to 
be prepared for a next image fonning op ration. 
[0018] The exposure device 7 is arranged at a right 
side of the process cartridge 6 in FIG. 1 . A laser light "L" 
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mitted by the exposure device 7 irradiates the photore- 
ceptor 1 at a writing position between the charging de- 
vice 4 and the dev loping device 5. 
[001 9] Further, a sheet feeding device is arranged be- 
low the process cartridge 6 in FIG. 1 . The sheet feeding 
device includes a sheet feeding cassette 26, a sheet 
feeding roller 21, and a pair of registration rollers 28. 
The sheet feeding cassette 26 accommodates a plural- 
ity of transfer sheets P as recording media. The sheet 
feeding roller 27 contacts an uppemiost transfer sheet 
P. When the sheet feeding roller 27 is driven to rotate in 
a clockwise direction in FIG. 1 by a drive device (not 
shown), the uppennost transfer sheet P is fed out to a 
nip part between the registration rollers 28. The transfer 
sheet P is further ted out by the registration rollers 28 
toward a transfer position (described later) at an appro- 
priate timing. 

[0020] Moreover, the two-side transfer device 20 is ar- 
ranged al a lefl side of Ihe process cartridge 6 in FIG. 

I . The two-side transfer device 20 includes the endless 
she t conveying belt 1 0 serving as a recording medium 
holding member, stretch rollers 11. 12, 13 and 14, a 
transfer roller 15, a rear-side supporting roller 16, a 
transfer charger 1 7 sisrving as a charge applying device, 
and a cooling device 18. The two-side transfer device 
20 is configured such that the sheet conveying belt 10 
contacts a part of the photoreceptor 1 . 

[0021] The sheet conveying belt 10 is spanned with 
the stretch rollers 11 , 12, 13 and 14. One of the stretch 
rollers 11,12. 13 and 14 serves as a drive roller to drive 
the sheet conveying belt 10 to rotate in a counterclock- 
wise direction in FIG. 1. The one of the stretch rollers 

II, 12, 13 and 14 serving as a drive roller is constructed 
such that a wrapping angle of the sheet conveying belt 
1 0 is secured to some degree to surely transmit its drive 
force to the sheet conveying belt 1 0. 

[0022] The transfer roller 1 5 is an^anged such that the 
sh et conveying belt 10 is sandwiched between the 
photoreceptor 1 and the transfer roller 15. The transfer 
roller 15 generates a transfer electric field between the 
transfer roller 15 and the photoreceptor 1 with voltage 
of a positive polarity applied to the transfer roller 1 5 from 
a power supply (not shown). A toner Image on the pho- 
toreceptor 1 1s transferred onto the sheet conveying belt 
1 0 or a transfer sheet P fed out from the registration roll- 
ers 28, by the influence of the transfer electric field. 
[0023] With the movements o[ the sheet conveying 
belt 10, the transfer sheet P having the toner image 
transferred from the photoreceptor 1 thereonto is con- 
veyed toward a heat fixing device 30 arranged above 
the two-side transfer device 20 in FIG. 1 , after passing 
through a position where the sheet convoying bolt 10 
opposes the transfer charger 1 7, The functions of the 
transf r charger 1 7 and the cooling devic 18 will be de- 
scribed later. 

[0024] The heat fixing device 30 includes a h at roller 
31 having a heater (not shown) inside thereof and a 
pressure roller 32. The transfer sheet P fed from the 



sheet conveying belt to the heat fixing device 30 is sand- 
wiched between the heat roller 31 and the pressure roll- 
er 32. After the toner image on the transfer sheet P is 
fixed by heat of the heat roller 31 and pressure between 

5 the heat roller 31 and the pressure roller 32, the transfer 
sheet P having a fixed toner image is conveyed to a 
sheet discharging path 33. Subsequently, the transfer 
sheet P in the sheet discharging path 33 is discharged 
onto an upper surface of a main body of the printer 1 00 

'io via a sheet discharging device 34 including a sheet dis- 
charging roller 34a. 

[0025] A sheet discharging and stacking part 40 is 
f orrned at the upper surface of the main body of the print- 
er 100. The transfer sheet P discharged from the sheet 

»5 discharging device 34 is stacked on the sheet discharg- 
ing and stacking part 40 in order. 
[0026] An electric unit El and a control unit E2 are 
arranged between the sheet feeding cassene26 and the 
exposure device 7 to perform an electronic control of 

20 respective devices in the printer 100. Further, a fan F1 
is an-anged at a right upper comer of the main body of 
the printer 1 00 in FIG. 1 for discharging inside air forcibly 
so as to prevent inside temperature from rising exces- 
sively. 

•^5 [0027] The printer 100 according to the embodiment 
of the present invention is configured to fonrj not only 
an image on one side of a transfer sheet P but also im- 
ages on both sides of a transfer sheet P by the following 
image forming process. 

30 [0028] In the description of obtaining images on both 
sides of a transf er sheet P an image which is first formed 
will be referred to as a first side image, and an image 
which is later formed will be refen-ed to as a second side 
image. Further, a sheet side onto which the first side 

35 image is transfen-ed will be referred to as a first sheet 
side, and a sheet side onto which the second side image 
is transferred will be referred to as a second sheet side. 
[0029] As illustrated in FIG. 2, the printer 100 is con- 
figured to form images in accordance with a signal for 

^0 writing an image sent from a host computer 500 through 
an interface 1 70 of the printer 1 00. The exposure device 
7 is driven according to an image signal which has been 
received. A laser light "L" emitted from a laser light 
source (not shown) of the exposure device 7 is deflected 

45 so as to scan by a polygonal mirror 7a which is rotated 
by being driven by a motor (not shown). The laser light 
"L" is irradiated onto the photoreceptor 1 which has been 
unifonmly charged by the charging device 4 via mirrors 
7b, and a fe lens 7c, etc., so that an electrostatic latent 

50 image corresponding to writing information is formed on 
the photoreceptor 1. 

[0030] The latent image on the photoreceptor 1 is de- 
veloped with toner by the developing device 5, th reby 
a visual image (i.e., a toner image) is formed and carried 
55 on the surface of the photoreceptor 1 as a first side im- 
age. A first side toner image on the photoreceptor 1 is 
conveyed to a transfer position where the photoreceptor 
1 and the sheet conv ying belt 1 0 contact each other, 
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by rotation of the photoreceptor 1 . 
[0031 ] At this time, a transfer sheet P is not fed to the 
transfer position. The first side toner innage on the pho- 
toreceptor 1 is not transferred onto a transfer sheet P 
but onto the sheet conveying belt 10 which is being 5 
moved in synchronization with the rotation of the pho- 
toreceptor 1 . Subsequently, the sheet conveying belt 1 0 
carrying the first side toner image moves one cycle and 
retums to the transfer position, 

[0032] While the sheet conveying belt 10 moves one io 
cycle, subsequent exposure and developing processes 
start to fonn a second side toner Image on the photore- 
ceptor 1 , and sheet feeding starts. A transfer sheet P is 
fed out from the sheet feeding cassette 26 to the regis- 
tration rollers 28. Further, the registration rollers 28 feed is 
out the transfer sheet P at an appropriate liming such 
that the first sheet side (a lower side in FIG. 1 , i.e., a 
sheet surface opposing the sheet conveying belt 1 0) of 
the transfer sheet P and the first side toner image on the 
sheet conveying belt 1 0 which returns to the transfer po- 20 
sition are correctly aligned. 

[0033] On the other hand, the second side toner im- 
age is formed on the photoreceptor 1 at an appropriate 
timing such that the second sheet side (an upper side 
in FIG. 1 , i.e., a sheet surface opposing the photorecep- 2S 
tor 1 ) of the transfer sheet P and the second side toner 
image on the photoreceptor 1 are correctly aligned. 
Therefore, the transfer sheet P is sandwiched between 
the first side toner image on the sheet conveying belt 1 0 
and the second side toner image on the photoreceptor 30 
1 at the transfer position. 

[0034] In this condition, the second side toner image 
on the photoreceptor 1 is transferred onto the second 
she t side of the transfer sheet P by the influence of the 
transfer electric field generated by the transfer roller 1 5. 35 
At this time, even though the first side toner image con- 
tacts the first sheet side of the transfer sheet P, the first 
side toner Image is not yet transferred onto the first 
sh et side of the transfer sheet P from the sheet con- 
veying belt 10, because the first side toner image posi- 40 
tioned between the sheet conveying belt 1 0 and the first 
sheet side of the transfer sheet P is attracted to the sheet 
conveying belt 1 0 by an electrostatic force generated by 
the transfer electric field. 

[0035] After passing the transfer position, the transfer 
sheet P moves together with the sheet conveying belt 
10 in a condition that the transfer sheet P carries the 
second side toner image transferred onto the second 
sheet side thereof at the transfer position, and the first 
sh et side of the transfer sheet P contacts the first side 50 
toner image on the sheet conveying belt 10. When the 
transfer shoot P passes a position whore the transfer 
sh t P opposes the transfer charger 1 7, the first side 
toner image is electrostatically transfenr d onto the first 
sheet side of th transfer she t P from th sh et con- 55 
veying b It 10. At this time, because a pr determtn d 
gap is formed between the second sheet sid of the 
transfer sheet P and the transfer charger 1 7, the second 



side toner image on the second sheet side of the transfer 
sheet P is prevented from being transfen-ed to the trans- 
fer charger 17. 

[0036] As described above, the two-side transfer de- 
vice 20 allows the first and second side toner images to 
be transferred onto the first and second sheet sides of 
the transfer sheet P, respectively, by the actions of the 
transfer roller 1 5 and the transfer charger 1 7. Thus, the 
two-side transfer device 20 functions as a device that 
transfers toner images onto both sides of a transfer 
sheet P. 

[0037] When the first side toner image on the sheet 
conveying belt 10 passes a charge applying position of 
the transfer charger 1 7 not together with the transfer 
sheet P and the second side toner image, the transfer 
charger 1 7 is controlled to be in a non-operated state. 
[0038] When a min-or image is fomied on the photore- 
ceptor 1 and the image is directly transferred onto a 
transfer sheel P, the image is obtained as a correct im- 
age on the transfer sheet P. When an image formed on 
the photoreceptor 1 is once transferred onto the sheet 
conveying belt 1 0 and is then transferred onto a transfer 
sheet P, if the image is fomned on the photoreceptor 1 
as a mirror imago, the image is obtained on the transfer 
sheet P as the mirror image. Therefore, in the embodi- 
ment, the first side toner image, which Is transferred 
from the sheet conveying belt 10 to a transfer sheet P, 
is formed on the photoreceptor 1 as a correct image, 
and the second side toner image, which is directly trans- 
ferred from the photoreceptor 1 onto the transfer sheet 
P, is fomried as a mirror image on the photoreceptor 1 . 
[0039] The transfer charger 1 7 may be an-anged up- 
stream of the transfer position instead of downstream of 
the transfer position in the moving direction of the sheet 
conveying belt 1 0. For example, if the polarity of the first 
side toner image carried on the sheet conveying belt 1 0 
is reversed by an action of the transfer charger 1 7 pro- 
vided at a position where the transfer charger 1 7 oppos- 
es the sheet conveying belt 10 between the stretch roll- 
ers 12 and 13, the first side toner image on the sheet 
conveying belt 10, which is positively charged, is trans- 
ferred onto the transfer sheet P by electrostatic repul- 
sion of the first toner image against the transfer roller 1 5 
to which a positive transfer bias is applied, and the sec- 
ond side toner image is transferred from the photore- 
ceptor 1 to the transfer sheet P by electrostatic absorp- 
tion of the negatively charged second side loner image 
to the transfer sheet P at the transfer position. 
[0040] Next, an image fonming process of the printer 
100 when obtaining an image on one side of a transfer 
sheet P will be described. First, a toner image Is formed 
on the photoreceptor 1 as a mirror image and is moved 
to a transfer position. A transfer sheet P is fed out from 
the she t feeding cassette 26 to the registration roll rs 
28. Further, the registration rollers 28 feed out the trans- 
fer sheet P to the transf r position at an appropriate tim- 
ing such that the toner image on the photoreceptor 1 
and the transfer sheet P are corr ctly aligned. Thereaf- 
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ter, the toner image is transferred onto the transfer sh et 
P (an upper side In FIG. 1, I.e., a sheet surface opposing 
the photoreceptor 1 ) at the transfer position. The trans- 
fer sheet P having the toner image Is conveyed to the 
heat fixing device 30 without charge application by the 
transfer charger 1 7. After the toner image is fixed onto 
the transfer sheet P by the heat fixing device 30, the 
transfer sheet P having a fixed toner image is dis- 
charged to the sheet discharging and stacking part 40. 
[0041] The printer 100 employs a contact transfer 
method in which a toner image on the photoreceptor 1 
Is transferred toward the sheet conveying bell 10 at the 
transfer position where the sheet conveying belt 10 is 
brought into contact with the photoreceptor 1 . As com- 
pared to a non-contact transfer method in which a trans- 
fer member (e.g., a sheet conveying belt) is separated 
from an Image bearing member (e.g., a photoreceptor) 
and a toner image flies toward the transfer member from 
the image bearing member, the loner image on ihe pho- 
toreceptor 1 is transferred toward the sheet conveying 
belt 1 0 without flying toward the sheet conveying belt 1 0 
in the contact transfer method. Therefore, a displace- 
ment of transferred toner Image due to a deviation of a 
toner image from a flying path may be avoided in the 
contact transfer method. 

[0042] In the printer 100 employing such the contact 
transfer method, if a part of the sheet conveying belt 1 0 
heated by influence of the heat fixing device 30 Is 
brought into contact with the photoreceptor 1 before 
cooling sufficiently, heat damage may be caused to the 
photoreceptor 1 . Therefore, as illustrated In FIG. 1 , the 
cooling device 18 is provided at a rear surface side of 
the sheet conveying belt 10 to cool a part of the sheet 
conveying belt 1 0 that is heated by the heat fixing device 
30 when the sheet conveying belt 1 0 passes nearby the 
heat fixing device 30. The cooling device 1 8 may employ 
an air blasting cooling system, a cooling system using 
a cooling acceleration member, etc. In any cooling sys- 
tems, the cooling device 18 preferably cools the sheet 
conveying belt 10 from the rear surface side of the sheet 
conveying belt 10 without disturtDlng the first side toner 
image carried on the sheet conveying belt 1 0. 
[0043] As described above, the first side toner image, 
which Is transferred onto the sheet conveying belt 1 0 
from the photoreceptor 1 at the transfer position, is fur- 
ther transferred onto the first sheet side of the transfer 
sheet P when the first side loner image on the sheet 
conveying belt 1 0 passes the position where the sheet 
conveying belt 10 opposes the transfer charger 17 to- 
g ther with the transfer sheet P. When the transfer sheet 
P is away from the sheet conveying belt 10, a part of 
tonor of the first side toner image remains on the sheet 
conveying belt 1 0. If such the residual toner on the sheet 
conveying belt 10 contacts a succeeding transfer sh et 
P f d to the transfer position by the r gistratlon roll rs 
28, the residual toner may stain the first she t side of 
the transf r sheet P. 

[0044] Therefore, the printer 100 includes a belt 



cleaning unit 50 at a downstream position of the stretch 
roller 11 in the moving direction of the sheet conveying 
belt 10 so as to remove the residual toner on the sheet 
conveying belt 10. As seen from FIG. 1. the transfer 
5 Sheet P is away from the sheet conveying belt 1 0 in the 
vicinity of the stretch roller 1 1 . The belt cleaning unit 50 
includes a cleaning roller 51 , a blade 52, a toner con- 
veying screw 53, and a contacting/separating mecha- 
nism (not shown). 
10 [0045] The cleaning roller 51 is configured to rotate 
with the sheet conveying belt 10 while sandwiching the 
sheet conveying belt 10 between the cleaning roller 51 
and the stretch roller 14 that contacts the rear surface 
of the sheet conveying bell 10. The residual toner on the 
IS front surface of the sheet conveying belt 1 0 contacts the 
rotating cleaning roller 51 and then moves from the 
sheet conveying belt 10 to the cleaning roller 51 . The 
toner on the cleaning roller 61 is scraped off by the blade 
52 and drops on the loner conveying screw 53 arranged 
below the blade 52. The toner conveying screw 53 ro- 
tates and conveys the toner in the axial direction of the 
toner conveying screw 53 to a toner collecting device 
(not shown). 

[0046] The belt cleaning unit 50 thus constructed may 
preferably employ the cleaning roller 51 having a sur- 
face roughness (JIS-A) of about 3.5 ^im or greater. Be- 
cause a surface roughness ( JIS-A) of the sheet convey- 
ing belt 1 0 may be preferably set to about 3.5 |im or less, 
the residual toner on the sheet conveying belt 10 is fa- 
cilitated to move from the sheet conveying belt 1 0 to the 
cleaning roller 51 by use of the cleaning roller 51 having 
a greater surface roughness than that of the sheet con- 
veying belt 10. Specifically, in this embodiment, the 
printer 1 00 employs the sheet conveying belt 1 0 having 
the surface roughness (JIS-A) of about 3.4 ^m, and the 
cleaning roller 51 having the surface roughness (JIS-A) 
of about 5.0 fim, which is a metallic roller made of nickel 
plated mild steel or stainless. 

[0047] In the case that the residual toner on the sheet 
conveying belt 1 0 is heated to a glass transition temper- 
ature or greater by influence of the heat fixing device 30, 
the belt cleaning unit 50 is preferably arranged at a po- 
sition where the cleaning roller 51 removes the residual 
toner before the residual toner is cooled to a glass Iran- < 
sition temperature or less by natural heat radiation and 
before the residual toner is cooled by the cooling device 
18. By arranging Ihe bell cleaning unit 50 at the above- 
described position, the cleaning roller 51 may adequate- 
ly remove the residual toner from the sheet conveying 
belt 10 before the residual toner fused by the Influence 
of the heat fixing device 30 is fixed to the sheet convey- 
ing bolt 1 0. As a result, a cleaning failure due to the fixing 
of the residual toner to the sheet conveying belt 1 0 may 
be prevent d. 

[0048] Further a contacting/separating mechanism 
(not shown) is provided to the belt cleaning unit 50 to 
allow the cleaning roller 51 to contact and separate from 
the sheet conveying belt 10. The contacting/separating 
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mechanism is configured to swing the belt cleaning unit 

50 around the toner conveying screw 53, for example, 
by an ON/OFF operation of a sol noid (not shown). By 
swinging the bett cleaning unit 50, the cleaning roller 51 
contacts and separates from the sheet conveying belt 
10. 

[0049] With provision of the above-described coniacl- 
ing/separating mechanism, when the first side toner im- 
age, not the residual toner, is moved to a cleaning po- 
sition, the first side toner image on the sheet conveying 
belt 10 may be prevented from being removed from the 
sheet conveying belt 1 0 by separating the cleaning roller 

51 from the sheet conveying belt 10. 

[0050] Further, by bringing the cleaning roller 51 into 
contact with the sheet conveying belt 10 only when the 
cleaning is necessary, and by separating the cleaning 
roller 51 from the sheet conveying belt 10 when iho 
clearing is unnecessary, loads on a rotation drive device 
of the cleaning roller 51 and on the sheet conveying bell 
10 may be reduced. As a result, cleaning perfomiance 
may be properly maintained. 

[0051] Next, description will be made with respect to 
a f ature of the construction of the printer 1 00. FIG. 3 is 
an enlarged view of a construction of a part of the two 
side transfer device 20 and the photoreceptor 1 . Refer- 
ring to FIG. 3: the stretch roller 12 has a diameter of 
about 1 6 mm, the transfer roller 1 5 has a diameter of 
about 1 0 mm, and the photoreceptor 1 has a diameter 
of about 30 mm. 

[0052] When the coordinates of the central axis of the 
photoreceptor 1 is (0, 0), the stretch roller 12 having the 
diameter of about 1 6 mm is arranged in parallel with the 
photoreceptor 1 such that the central axis of the stretch 
roller 12 is positioned at the coordinates (-22.1 , - 8.2). 
Further, the transfer roller 15 having the diameter of 
about 10 mm is arranged in parallel with the photore- 
ceptor 1 such that the central axis of the transfer roller 
15 is positioned at the coordinates (-20.0, 13.2). 
[0053] The line connecting the central axis of the pho- 
toreceptor 1 and the central axis of the stretch roller 12 
and a horizontal line X fomn an angle 6 of 20'' therebe- 
tween. The arrangement position of the two-side trans- 
fer device 20 relative to the photoreceptor 1 is set such 
that the photoreceptor 1 intrudes into a part ot the sheet 
conveying belt 1 0 spanning the stretch roller 1 2 and the 
transfer roller 1 5 by an intrusion amount K of about 0.54 
mm. 

[0054] In the above-described two-side transfer de- 
vice 20 thus constructed, the part of the sheet conveying 
belt 10 spanning the stretch roller 12 and the transfer 
roller 15 is positively biased against the photoreceptor 
1 by the stretch roller 12 and the transfer roller 15. 
Th reby, the above-described part of the sheet convey- 
ing belt 10 is adequat ly wrapped around a part of the 
outer circumferenc of the photoreceptor 1 . In this em- 
bodim nt, the sh t conveying belt 10 is wrapped 
around about on -tenth of the periph ral length of the 
photoreceptor 1 , thereby fomiing a transfer nip part hav- 



ing a width of about 8.7 mm. In the case of f omning such 
the transfer nip part, as compared to a point contact of 
the photoreceptor 1 and the sheet conveying belt 10 at 
the transfer position, the photoreceptor 1 and the sheet 

5 conveying belt 10 securely contact each other at the 
transfer position, so that occurrence of blurring of a toner 
image transferred from the photoreceptor 1 onto the 
sheet conveying belt 1 0 or a transfer sheet P due to un- 
stable contact condition of the photoreceptor 1 and the 

10 sheet conveying belt 1 0 at the transfer position may be 
restrained. 

[0055] It has to be taken into account that it can also 
be sufficient to move or deflect only one of the rollers 12 
and 15 towards the photoreceptor 1 to the effect that a 
»5 comparable transfer nip part being formed between the 
sheet conveying belt 1 0 and the photoreceptor 1 . 
[0056] FIG. 1 8 Is a graph Illustrating a relationship be- 
tween a transfer rate (%) of a toner image and an intm- 
sion amount (mm) of the photoreceptor 1 into the sheet 
conveying belt 10. As seen from FIG. 18, when the in- 
trusion amount of the photoreceptor 1 into the sheet 
conveying belt 10 is less than 0.2 mm, the transfer rate 
of 90% or greater is not obtained. Because when the 
intrusion amount of the photoreceptor 1 into the shoot 
conveying belt 10 is less than 0.2 mm, the contact of the 
photoreceptor 1 and the sheet conveying belt 10 is not 
sufficient, resulting in an inferior transfer of a toner im- 
age. In the printer 100 according to the embodiment of 
the present invention, because the intrusion amount K 
is set to 0.2 mm or greater (i.e., about 0.54 mm), the 
transfer rate of 90% or greater can be obtained. 
[0057] If a transfer nip part is f onmed by contacting the 
photoreceptor 1 and the sheet conveying belt 10 each 
other too tightly, a transfer sheet P tends to be curled 
when the transfer sheet P passes through the transfer 
nip part. Such a tendency of curi is increased in a thick 
paper such as a 180K sheet (i.e., a sheet having a 
weight of about 204g/m2). When the transfer sheet P is 
curied at the transfer nip part, a sheet jam tends to occur, 
and an inferior transfer of a toner image tends to occur 
when the first side toner image on the sheet conveying 
belt 10 is transfen-ed onto the first sheet side of the 
transfer sheet P by the action ot the transfer charger 1 7, 
due to an insufficient contact of the first side toner image 
and the transfer sheet P. 

[0058] In order to prevent occunences of an interior 
transfer of a loner image and a sheet jam caused by a 
sheet curi, the inventors perfonned experiments to find 
a relationship between the intrusion amount K (mm) of 
the photoreceptor 1 into the sheet conveying belt 1 0 and 
a length (mm) of an area of a transfer sheet P from the 
loading edge of the transfer sheet P where the transfer 
sheet P is lifted from the surface of the sheet conveying 
b It 10 due to a sheet curi (h reinafter simply referr d 
to as a lifting amount of the transfer sh et P). 
[0059] As Illustrated in FIG. 1 9, it was discovered that 
the lifting amount of the 180K sheet sharply increases 
after the intrusion amount of th photoreceptor 1 into th 



35 



40 



45 



SO 



ttID: <EP 1237056A2.L> 



7 



EP 1 237 056 A2 



14 



sheet conveying belt 1 0 xceeds 0.6 mm. Therefore, the 
intrusion amount K is set to 0.6 mm or less (i.e., about 
0.54 mm) in the printer 100, and thereby the above-de- 
scribed inferior transfer of a toner image and sheet jam 
is typically avoided. Referring to FIG. 19, a 11 OK sheet 
is a sheet having a weight of about 125g/m2, and a 70K 
sheet is a sheet having a weight of about 79.5g/nri2. 
[0060] The following is found by the inventors through 
intense study. That is, when the stretch roller 1 2 and the 
transfer roller 1 5 adjacent each other are flexed by the 
tension of the sheet conveying belt 10 by a flexibility 
amount of greater than 0.1 mm, meanders of the sheet 
conveying belt 1 0 tend to occur at the transfer nip part. 
Therefore, with respect to the stretch roller 12 and the 
transfer roller 15 which serve to fonm the transfer nip 
part, respective materials, cross section constructions, 
lengths, and diameters of the stretch roller 12 and the 
transfer roller 15 are preferably set such that respective 
flexibilily amounts of the slrelch roller 1 2 and the transfer 
roller 15 by the tension of the sheet conveying belt 10 
are suppressed to 0.1 mm or less. 
[0061] Specifically, each flexibility amount "y" (mm) of 
the stretch roller 12 and the transfer roller 15 Is obtained 
by the following calculation: 

y = -(5WL*) / (384EI) 

where "W (kg/mm) is weight per unit length, "L" (mm) 
is a length of a part of each roller where weight is applied 
by the sheet conveying belt 10, "E" (kg/mm2) is Young's 
modulus, and "1" (mnrr*) is geometrical moment of iner- 
tia. 

[0062] The length "L" of the part of each roller where 
weight is applied by the sheet conveying belt 1 0 and the 
geometrical moment of inertia "1" are preferably set such 
that the flexibility amount "y" of each roller is suppressed 
to 0.1 mm or less. Further, a material of each roller is 
preferably selected such that the Young's modulus "P 
and the weight per unit length "W" allow the flexibility 
amount "y" each roller to be 0.1 mm or less. 
[0063] By suppressing the flexibility amount Y' of the 
str tch roller 12 and the transfer roller 15 to 0.1 mm or 
less, meanders of the sheet conveying belt 1 0 at the 
transfer nip part may be prevented. 
[0064] The geometrical moment of inertia "1" is ob- 
tained by the following calculation: 

l = ji(D1 "^-02^64 

wh re D1 is an outer diameter of a roller and D2 is an 
inn r diameter of a roller. 

[0065] In this mbodiment, the print r 100 mploys 
the transfer roll r 1 5 which is a conductive solid (not hol- 
low) roller mad of stainless and has a diameter of about 
10 mm. By use of such the transfer roller 15. the flexi- 
bility amount V of the transfer roller 15 Is suppressed 



to 0.1 mm or less. In addition, because the transfer roller 
1 5 is a metallic roller of high durability, the transfer roller 
15 may perfomri a stable el ctrostatic transferring of an 
image for a longer time than a roller made of conductive 
5 rubber, forexample. Further the printer 1 00 employs the 
stretch roller 1 2 which is a solid (not hollow) roller made 
of stainless and has a diameter of about 1 6 mm. By use 
of such the stretch roller 12, the flexibility amount y of 
the stretch roller 12 Is suppressed to 0.1 mm or less. 

10 [0066] Further the charging of the stretch roller 12 
due to friction between the sheet conveying belt 1 0 and 
the stretch roller 1 2 is obviated by grounding the stretch 
roller 12. In this embodiment, a transfer bias of 7 kV or 
less is applied to the transfer roller 15. In this condition, 

^5 an electric discharge between the transfer roller 1 5 and 
the stretch roller12 is obviated by separating the trans- 
fer roller 15 from the stretch roller 12 by a distance LI 
in FIG. 3 of about 5 mm or more. Particularly, the dis- 
tance LI is set lo about 7 mm in this embodiment. 

20 [0067] FIG. 4 is a schematic view of the registration 
rollers 28 and the transfer nip part between the photore- 
ceptor 1 and the sheet conveying belt 1 0. As illustrated 
in FIG. 4, the registration rollers 28 are arranged in a 
position such that a loading edge of a transfer shoot P 

25 fed from the sheet feeding cassette 26 contacts the pho- 
toreceptor 1 before contacting the sheet conveying belt 
10. In such an arrangement of the registration rollers 28, 
as compared with a case in which a leading edge of a 
transfer sheet P fed from the sheet feeding cassette 26 

30 contacts the sheet conveying belt 1 0 before contacting 
the photoreceptor 1, a toner image may be property 
transferred from the photoreceptor 1 to the transfer 
sheet P. 

[0068] FIG. 5 is a cross sectional view of a part of the 
35 sheet conveying belt 10. As illustrated in FIG. 5, the 
sheet conveying belt 10 has a two-layer construction. 
Specifically, the sheet conveying belt 10 includes a bot- 
tom layer 1 0b made of polyrmide or polyamide, and a 
surface layer 10a made of fluoroplastic. By coating the 
40 bottom layer 10b with the surface layer 10a made of 
fluoroplastic having a low adhesive property, the surface 
layer 10a serves as a toner releasing layer. With provi- 
sion of the surface layer 10a on the bottom layer 10b, 
toner is likely to be released from the sheet conveying 
45 belt 1 0 when a transfer sheet P having the first side toner 
image is separated from the sheet conveying belt 1 0 and 
when the cleaning roller 51 removes residual loner from 
the sheet conveying belt 10. 

[0069] As an example of the fluoroplastic for the sur- 
50 face layer 1 0a, so-called Teflon (trademark) such as pol- 
ytetrafluoroethylene (PTFE) may be employed. Further, 
ethylcno-tctrafluorocthylone copolymers (ETFE), 
tetrafluoroethylene-hexafluoropropylene copolym rs 
(FEP), tetrafluoro thylen -perfluoroalkyl vinyl th rco- 
55 polym rs (PFA), chlorotrifluoroethylene resins (CTFE), 
and chlorotrlfluoroethylene-ethylene resins (ECTFE) 
may be also employed. In this embodiment, the bottom 
layer 10b made of polyrmide is coated with the surface 
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layer 10a made of polytetrafluoroethylene (PTFE). 
[0070] The above-described two-side transfer d vice 
20 includes a solenoid 25 serving as a contacting/sep- 
arating device that contacts and separates the two-side 
transfer device 20 from the photoreceptor 1 . The stretch 
roller 1 1 of the two-side transfer device 20 is a drive roller 
that drives the sheet conveying belt 10 to rotate. As il- 
lustrated in FIGs. 6A and 6B, the two-side transfer de- 
vice 20 swings around the stretch roller 1 1 in a direction 
indicated by a double-headed arrow B by an ON/OFF 
operation of the solenoid 25. 

[00711 As described above, the belt cleaning unit 50 
ananged in a position where the sheet conveying belt 
1 0 is sandwiched between the belt cleaning unit 50 and 
the stretch roller 14 of the two-side transfer device 20 is 
configured to swing around the toner conveying screw 
53 in a direction indicated by a double-headed arrow A 
in FIGs. 6A and 6B. 

[0072] When the Iwo-side transfer device 20 is swung 
leftward in FIG. 6B around the stretch roller 1 1 by turning 
on the solenoid 25, the belt cleaning unit 50 is biased 
by the stretch roller 14, and thereby the belt cleaning 
unit 50 is inclined leftward in FIG. SB around the toner 
convoying screw 53. As illustrated in FIG. 6B, when the 
two-side transfer device 20 and the belt cleaning unit 50 
are swung and inclined as described above, the sheet 
conveying belt 10 is separated from the photoreceptor 
1 . As a result, the transfer nip part does not exist be- 
tween the photoreceptor 1 and the sheet conveying belt 
10 as illustrated in FIG. 6B. 

[0073] On the other hand, by turning off the solenoid 
25, the two-side transfer device 20 is swung rightward 
in FIG. 6A around the stretch roller 11 . At substantially 
the same time, the belt cleaning unit 50 is swung right- 
ward in FIG. 6A around the toner conveying screw 53. 
Thereby, the sheet conveying belt 10 contacts the pho- 
toreceptor 1 as illustrated in FIG. 6A. 
[0074] As described above, in the printer 1 00 accord- 
ing to the embodiment of the present invention, the 
she t conveying belt 10 is configured to be separated 
from the photoreceptor 1 by the contacting/separating 
device if necessary. Therefore, loads on the sheet con- 
veying belt 1 0 and the photoreceptor 1 may be reduced, 
and the transfer performance of the two-side transfer 
device 20 may be properly maintained. Further, a for- 
ign substance clogged in the transfer nip pan may be 
easily removed therefrom. 

[0075] It is preferable that the sheet conveying belt 1 0 
be brought into contact with the photoreceptor 1 during 
at least a period of time in which the first side toner im- 
age and the second side toner image on the photore- 
ceptor 1 pass a position where the first side toner image 
and the second side toner image oppose the sheet con- 
veying belt 1 0 by rotation of the photoreceptor 1 . By con- 
tacting the she t conveying belt 1 0 and the photorecep- 
tor 1 intheabove-d scribed period of time, the first side 
toner image and the second side toner image on the 
photoreceptor 1 may surely enter the transfer nip part. 



[0076] It is more preferable that a contact condition of 
the sheet conveying belt 10 and the photoreceptor 1 b 
maintained during a period of time in which exposure 
and developing processes are performed on the pho- 
5 toreceptor 1 in addition to the above-described period 
of time. Thereby, toner images are not disturbed by vi- 
brations caused by contacting and separating the sheet 
conveying belt 1 0 from the photoreceptor 1 in processes 
of exposure and developing. As a result, image blurring 
10 is prevented. 

[0077] It is still more preferable that a sheet jam de- 
tecting device be provided to detect an occurrence of 
sheet jam in a sheet conveying path from the sheet feed- 
ing cassette 26 to the sheet discharging and stacking 
^5 part 40. When the sheet Jam detecting device detects 
an occurrence of sheet jam, the sheet conveying belt 10 
is separated from the photoreceptor 1 . 
[0078] As an example of the sheet jam detecting de- 
vice, as illuslraled in FIG. 1 , a sheet delecting sensor 
20 35 such as a photosensor may be provided in the vicinity 
of the sheet discharging device 34. When the sheet de- 
tecting sensor 35 does not detect a transfersheet P after 
a predetermined time has elapsed since the sheet feed- 
ing roller 27 foods out the transfer sheet P, it is judged 
25 that a sheet jam occurs in a sheet conveying path . Even 
if a transfer sheet P is jammed in the transfer nip part, 
the transfer sheet P may be easily removed from the 
sheet conveying path by separating the sheet conveying 
belt 1 0 from the photoreceptor 1 based on a detection 
30 output of the sheet jam detecting device. 

[0079] As described above, the transfer nip part is 
fomned between the sheet conveying belt 1 0 and the 
photoreceptor 1 by use of the transfer roller 15 and the 
stretch roller 12. However, the transfer roller 15 is not 
35 necessarily used for the transfer nip part. 

[0080] FIG. 7 is a schematic view of a part of the two- 
side transfer device 20 and the photoreceptor 1 accord- 
ing to an alternative example. In this alternative exam- 
ple, a transfer nip part is fomned by an-anging the pho- 
40 toreceptor 1 and the two-side transfer device 20 such 
that the photoreceptor 1 intrudes into a part of the sheet 
conveying belt 1 0 spanning the stretch roller 1 9 and the 
stretch roller 12 as illustrated in FIG. 7. Further, a con- 
ductive brush 21 is arranged in the two-side transfer de- 
45 vice 20 such that the conductive brush 21 contacts a 
rear surface of the sheet conveying belt 1 0 between the 
stretch rollers 19 and 12. A transfer bias is applied lo 
the sheet conveying belt 1 0 by the conductive brush 21 . 
The conductive brush 21 contacts the sheet conveying 
50 belt 10 at a position downstream of the center of the pho- 
toreceptor 1 in the moving direction of a transfer sheet 
P by a distance "1-2". In this alternative example, the dis- 
tance "L2" is set to about 8 mm. The conductive brush 
21 contains foreign substances sandwiched between 
55 the sheet conveying belt 1 0 and the conductive brush 
21 in its flexible brushes, thereby decreasing damage 
to the sheet conveying belt 1 0 due to foreign substances 
sandwiched between the sheet conveying belt 10 and 
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the conductive brush 21 . 

[0081] In the embodiment, beside the process car- 
tridge 6, the two-side transfer device 20 is configured so 
as to be replaced with a new one when its useful lifetime 
ends. As illustrated in FIG. 8, a frame of the main body 5 
of the printer 100 is opened around an open/close sup- 
port axis 60 so that replacement work for the two-side 
transfer device 20 and clearing work for a jammed sheet 
are facilitated. 

[0082] Next, a printer as an image forming apparatus io 
to which the present invention is applied according to 
another embodiment of the present Invention will be de- 
scribed. 

[0083] FIG. 9 is a schematk: cross sectional view of a 
printer 100A. For the sake of simplification of the de- *5 
scription, members having substantially the same func- 
tions as those used in the printer 100 of FIG. 1 will be 
designated with the same reference characters and 
their description will be omilled. 

[0084] Referring to FIG. 9, the printer 1 DOA includes 20 
a drum-shaped photoreceptor 121 serving as a first im- 
age bearing member at a substantially central part of 
the printer 100A in a vertical direction. Arranged around 
the photoreceptor 121 arc a charging device 123, a dis- 
charging device 124, and a cleaning device 125. In this 25 
embodiment, the photoreceptor 121 , the charging de- 
vice 123, the discharging device 124, and the cleaning 
device 125 are integrally assembled in a process car- 
tridge 120. The process cartridge 120 is replaced with 
a new one when its useful lifetime ends. 30 
[0085] The charging device 1 23 is driven to rotate in 
a counterclockwise direction in FIG. 9 by a drive device 
(not shown) so as to uniformly charge the surface of the 
photoreceptor 1 21 with a negative polarity. The uniform- 
ly charged surface of the photoreceptor 1 21 is exposed 55 
to laser light emitted from an exposure device 110 (de- 
tails of which are described later), and thereby an elec- 
trostatic latent image is formed on the surface of the 
photoreceptor 1 21 . 

[0086] A revolver type developing device 1 30 (details 40 
of which are described later) develops the electrostatic 
latent image on the photoreceptor 121 with toner ac- 
commodated In the developing device 1 30 to form a ton- 
er image. The toner image on the photoreceptor 121 is 
transferred onto an intermediate transfer belt 201 . ^5 
[0087] The cleaning device 125 removes unneces- 
sary loner remaining on a surface of the photoreceptor 
121 after the toner image is transferred from the pho- 
tor ceptor 121 onto the intermediate transfer belt 201. 
Aft rthe cleaning device 1 25 removes residual toner on so 
the photoreceptor 121 , the surface of the photoreceptor 
121 Is unifonmly discharged by the discharging device 
124 to be prepared for a next image forming operation. 
[0088] The exposure device 1 1 0 is arrang d at a right 
side of the process cartridg 1 20 in FIG. 9. A las r light 55 
"L" mitted by the exposure devic 1 1 0 according to inv 
age information irradiates the photorec pt r 121 at a 
writing position between the charging device 123 and 



the r volver type developing device 130. 
[0089] Further an Intemriediate transfer unit 200 is ar- 
ranged below the process cartridge 120 in FIG. 9. The 
intermediate transfer unit 200 includes the endless In- 
termediate transfer bel* 201 serving as a second image 
bearing member, a drive roller 202 and a driven roller 
203 around which the intermediate transfer bell 201 is 
spanned, and an intemriediate transfer roller 204 that 
contacts a rear surface of the intermediate transfer belt 
201. The intermediate transfer belt 201 is rotated in a 
clockwise direction in FIG. 9 by rotation of the drive roller 
202 driven to rotate by a drive device (not shown). The 
photoreceptor 121 contacts the intennediate transfer 
belt 201 , thereby an intermediate transfer nip part is 
formed between the photoreceptor 121 and the interme- 
diate transfer belt 201 . An intermediate transfer electric 
field Is exerted in the intermediate transfer nip part by 
bringing the intennediate transfer roller 204, to which an 
inlermediale iransfer bias is applied from a power sup- 
ply (not shown), into contact with the rear surface of the 
intennediate transfer belt 201 . 

[0090] Similarly as in the printer 1 00 of FIG. 1 . a sheet 
feeding device is an^anged below the intemriediate trans- 
fer unit 200 in FIG . 9. The sheet feeding device includes 
the sheet feeding cassette 26, the sheet feeding roller 

27, and the pair of registration rollers 28. The sheet feed- 
ing cassette 26 accommodates a plurality of transfer 
sheets P. The sheet feeding roller 27 contacts an upper- 
most transfer sheet P. When the sheet feeding roller 27 
is driven to rotate In a clockwise direction In FIG. 9 by a 
drive device (not shown), the uppemriost transfer sheet 
P is fed out to a nip part between the registration rollers 

28. The transfer sheet P is further fed out by the regis- 
tration rollers 28 toward a secondary transfer position 
(described later) at an appropriate timing. 

[0091] Moreover, similarty as In the printer 1 00 of FIG. 
1 , the two-side transfer device 20 is arranged at a left 
side of the intermediate transfer unit 200 in FIG. 9, The 
two-side transfer device 20 includes the endless sheet 
conveying belt 1 0 serving as a recording medium hold- 
ing member, the stretch rollers 11, 12, 13 and 14. the 
transfer roller 1 5, the rear-side supporting roller 1 6, the 
transfer charger 1 7, and the cooling device 1 8. The two- 
side transfer device 20 is configured such that the sheet 
conveying belt 1 0 contacts the intermediate transfer belt 
201. 

[0092] The transfer roller 1 5 is arranged such that the 
sheet conveying belt 1 0 is sandwiched between the in- 
temriediate transfer belt 201 and the transfer roller 15. 
The transfer roller 15 generates a secondary transfer 
electric field between the transfer roller 15 and the In- 
termediate transfer belt 201 with voltage of a positive 
polarity appli d to th transfer roller 1 5 from a pow r 
supply (not shown). A toner image on the int nn diat 
transfer belt 201 istransferr d onto the sheet conv ying 
belt 1 0 or a transfer sheet P fed out from the registration 
rollers 28. by the influence of th secondary transfer 
electric field. 
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[0093] With the movements of the sheet conveying 
belt 10, the transfer sh et P having the toner image 
transferred from the intemiediate transfer belt 201 ther- 
eonto is conveyed toward the heat fixing device 30 ar- 
ranged above the two side transfer device 20 in FIG. 9, 5 
after passing through a position where the sheet con- 
veying belt 1 0 opposes the transfer charger 1 7. 
. [0094] Similarly as in the printer 100 of FIG. 1, the 
transfer sheet P is further conveyed to the heat fixing 
device 30 so as to fix the toner image onto the transfer io 
sh t P and is then discharged to the sheet discharging 
and stacking part 40 through the sheet discharging de- 
vice 34. 

[0095] The printer 1 0OA according to the another em- 
bodiment of the present invention is configured to form is 
not only an image on one side of a transfer sheet P but 
also Images on both sides of a transfer sheet P by the 
following image fonning process. The printer 1 0OA is al- 
so configured to fomri full color images. Firsl, a single 
color image forming process will be described. 20 
[0096] In the description of obtaining images on both 
sides of a transfersheet P, an Image which is first formed 
will be referred to as a first side image, and an image 
which is later formed will be referred to as a second side 
image. Further, a sheet side onto which the first side 25 
Image is transferred will be referred to as a first sheet 
side, and a sheet side onto which the second side image 
is transferred will be referred to as a second sheet side. 
[0097] As illustrated in FIG. 10, the printer 100A is 
configured to fomri images in accordance with a signal so 
for writing an image sent from the host computer 500 
through the interface 1 70 of the printer 1 0OA. The expo- 
sure device 110 is driven according to an image signal 
which has been received. A laser light "L" emitted from 
a laser light source (not shown) is deflected so as to 35 
scan by a polygonal min-or 1 1 1 which is rotated by being 
driv n by a motor (not shown). The laser light "L" Is ir- 
radiated onto the photoreceptor 121 which has been 
uniformly charged by the charging device 123 via mir- 
rors 1 1 2 and 1 1 3. and a fG lens 1 14, etc., so that an elec- 40 
trostatic latent image corresponding to writing infomna- 
tion is fonrned on the photoreceptor 121 . 
[0098] The latent image on the photoreceptor 121 Is 
developed with toner by the revolver type developing 
device 130, thereby a visual image (I.e., a toner image) 
is formed and carried on the surface of the photorecep- 
tor 121 as a first side image. A first side loner image on 
the photoreceptor 121 is transfeaed onto the intemriedi- 
ate transfer belt 201 at the intemiediate transfer nip part. 
The first side toner image on the intenmediate transfer so 
belt 201 is conveyed to a secondary transfer position 
where the intomicdiatc transfer bolt 201 and the shoot 
conveying bell 10 contact each other, by rotation of the 
int rmediate transfer belt 201 . 

[0099] At this time, a transfer sheet P is not fed to the ss 
secondary transfer position. The first side ton r image 
on the intemiediate transfer belt 201 is not transferred 
onto a transfersheet P but onto th sheet conveying belt 



10 which is being moved in synchroni7ation with the ro- 
tation of the intermediate transfer belt 201 . Subsequent- 
ly, the sheet conveying belt 1 0 carrying the first side ton- 
er image moves one cycle and retums to the secondary 
transfer position. 

[0100] While the sheet conveying belt 1 0 moves one 
cycle, subsequent exposure and developing processes 
start to fornn a second side toner image on the photore- 
ceptor 121, and the second side toner image is trans- 
ferred onto the intennediate transfer belt 201 . A transfer 
sheet P is fed out from the sheet feeding cassette 26 to 
the registration rollers 28. Further, the registration roll- 
ers 28 feed out the transfer sheet P at an appropriate 
timing such that the first sheet side (a lower side in FIG. 
9, i.e., a sheet surface opposing the sheet conveying 
belt 10) of the transfer sheet P and the first side toner 
image on the sheet conveying belt 10 which returns to 
the secondary transfer position are correctly aligned. 
[0101] On the other hand, the second side loner im- 
age is formed on the photoreceptor 121 at an appropri- 
ate timing such that the second sheet side (an upper 
side in FIG. 9, i.e., a sheet surface opposing the inter- 
mediate transfer belt 201 ) of the transfer sheet P and 
the second side toner image on the intennediate trans- 
fer belt 201 are correctly aligned. Therefore, the transfer 
sheet P is sandwiched between the first side toner im- 
age on the sheet conveying belt 1 0 and the second side 
toner image on the intermediate transfer belt 201 at the 
secondary transfer position. 

[0102] In this condition, the second side toner image 
on the Intermediate transfer belt 201 is transf en-ed onto 
the second sheet side of the transfer sheet P by the in- 
fluence of the secondary transfer electric field generated 
by the transfer roller 15. At this time, even though the 
first side toner image contacts the first sheet side of the 
transfer sheet P, the first side toner image is not yet 
transferred onto the first sheet side of the transfersheet 
P from the sheet conveying belt 10, because the first 
side toner image positioned between the sheet convey- 
ing belt 1 0 and the first sheet side of the transfer sheet 
P is attracted to the sheet conveying belt 1 0 by an elec- 
trostatic force generated by the secondary transfer elec- 
tric field. 

[0103] After passing the secondary transfer position, 
the transfer sheet P moves together with the sheet con- 
veying belt 10 in a condition that the transfer sheet P 
carries Ihe second side loner image transferred onto the 
second sheet side thereof at the secondary transfer po- 
sition, and the first sheet side of the transfer sheet P 
contacts the first side toner image on the sheet convey- 
ing belt 1 0. When the transfer sheet P passes a position 
where the transfer sheet P opposes the transfer charger 
17, the first side toner image is electrostatically trans- 
ferred onto the first sheet side of the transf r sheet P 
from the sheet conveying belt 10. At this time, because 
a pr det mnined gap is formed betwe n the s cond 
sheet side of the transfer sh et P and the transfer charg- 
er 1 7, the second sId toner image on the second sheet 
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side of the transfer sheet P is prevented from being 
transferred to the transfer charger 17. 
[0104] As described above, the two-side transfer de- 
vice 20 allows the first and second side toner images to 
be transferred onto the first and second sheet sides of 
the transfer sheet R respectively, by the actions of the 
transfer roller 1 5 and the transfer charger 1 7. Thus, the 
two-side transfer device 20 functions as a device that 
transfers toner images onto both sides of a transfer 
sheet P. 

[0105] When the first side toner image on the sheet 
conveying belt 10 passes a charge applying position of 
the transfer charger 1 7 not together with the transfer 
sh et P and the second side toner image, the transfer 
charger 17 is controlled to be in a non-operated state. 
[01 06] When a mirror image is formed on the photore- 
ceptor 121 and the image is directly transferred onto a 
transfer sheet P, the image is obtained as a correct Im- 
ag on the transfer sheet P. When an image formed on 
the photoreceptor 121 is once transfen^ed onto the in- 
termediate transfer belt 201 and is then transferred onto 
a transfer sheet R if the image is fomned on the photore- 
ceptor 121 as a mirror image, the image is obtained on 
the transfer sheet P as the mirror image. Therefore, In 
the mbodiment. the exposure is performed such that 
th first side image, which is transfen-ed from the pho- 
tor ceptor 121 to the intermediate transfer belt 201 and 
is th n transferred to the sheet conveying belt 1 0 and is 
then transferred onto a transfer sheet P, is fonmed on 
the photoreceptor 121 as a mirror image, and the sec- 
ond side image, which is transferred from the photore- 
ceptor 121 to the intemiediate transfer belt 201 and is 
then transfenred onto the transfer sheet P, is formed as 
a correct image on the photoreceptor 121 . 
[0107] The transfer charger 1 7 may be arranged up- 
stream of the secondary transfer position instead of 
downstream of the secondary transfer position in the 
moving direction of the sheet conveying belt 1 0. For ex- 
ample, if the polarity of the first side toner image carried 
on the sheet conveying belt 1 0 is reversed by an action 
of the transfer charger 17 provided at a position where 
the transfer charger 17 opposes the sheet conveying 
belt 10 between the stretch rollers 12 and 13, the first 
side toner image on the sheet conveying belt 1 0, which 
Is positively charged, is transfenred onto the transfer 
sheet P by electrostatic repulsion of the first toner image 
against the transfer roller 16 lo which a positive transfer 
bias Is applied, and the second side toner image is trans- 
f rr d from the Intermediate transfer belt 201 to the 
transfer sheet P by electrostatic absorption of the neg- 
ativ ly charged second side toner image to the transfer 
shoot P at the secondary transfer position. 
[0108] Next, an image forming process of the printer 
lOOAwh n obtaining an image on one side of a transf r 
sh et P will be described. First, a toner image is formed 
on the photoreceptor 121 as a correct image and is 
transferr d to the intermediate transfer belt 201 at the 
intemri diate transfer nip part. A transfer sheet P Is fed 



out from the sheet feeding cassette 26 to the registration 
rollers 28. Further, the registration rollers 28 feed out 
th transfer sheet P to the secondary transfer position 
at an appropriate timing such that the toner image on 
5 the intemiediate transfer belt 201 and the transfer sheet 
P are correctly aligned. Thereafter, the toner image is 
transferred onto the transfer sheet P (an upper side in 
FIG. 9, i.e., a sheet surface opposing the intemnediate 
transfer belt 201 ) at the secondary transfer position . The 
10 transfer sheet P having the toner image is conveyed to 
the heat fixing device 30 without charge application by 
the transfer charger 1 7. After the toner image is fixed 
onto the transfer sheet P by the heat fixing device 30, 
the transfer sheet P having a fixed toner image is dis- 
*5 charged to the sheet discharging and stacking part 40. 
[0109] Now, description will be made with respect to 
a feature of the construction of the printer 100A. 
[0110] FIG. 11 is a cross sectional view of the revolver 
type developing device 130 of the printer 100A accord- 

20 ing to the embodiment. Referring to FIG. 1 1 , the revolver 
type developing device 1 30 is driven to rotate in a coun- 
terclockwise direction around a rotation center point "P" 
In FIG. 11 . The revolver type developing device 1 30 in- 
cludes four developing units 131 Y, 131 M, 131C, and 

25 1 31 K. In an illustrative example of the revolver type de- 
veloping device 130, the developing unit 131 Y for yellow 
is located at a developing position where the revolver 
type developing device 130 opposes the photoreceptor 
121. In the order of counterclockwise direction in FIG. 

30 11, there are provided the developing unit 1 31 Y for yel- 
low, the developing unit 131 K for black, the developing 
unit 131C for cyan, and the developing unit 131M for 
magenta (hereinafter may be referred to as a yellow de- 
veloping unit 131 Y, a black developing unit 131 K, a cyan 

35 developing unit 131C, and a magenta developing unit 
131 M, respectively). The yellow developing unit 131Y 
contains two-component developer (hereinafter simply 
referred to as developer) Including yellow toner and car- 
rier, the black developing unit 131K contains black de- 

40 veloper including black toner and carrier the cyan de- 
veloping unit 131C contains cyan developer including 
cyan toner and earner, and the magenta developing unit 
131M contains magenta developer including magenta 
toner and can-ier. 

[0111] The constructions of the developing units 
131 Y, 131M, 131C, and 131 K are substantially the 
same. Therefore, the construction of the yellow devel- 
oping unit 131Y located at the developing position in 
FIG. 11 will be described as an example. The yellow de- 

so veloping unit 131Y includes a developing roller 132Y 
whose circumferential surface is partially exposed to the 
outside through an opening part to oppose the photore- 
ceptor 1 21 . The yellow developing unit 1 31 Y further in- 
cludes a doctor blade 135Y that regulates an amount of 

55 the y How dev loper carried on the developing roller 
132Y to be conveyed to the developing position where 
the developing roller 132Y opposes th photoreceptor 
121. 
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[0112] The yellow developing unit 131Y further in- 
cludes a developer conveying screw 1 34Y, a magnetic 
penneability sensor 136Y, and a paddle 133Y. The de- 
veloper conveying screw 134Y conveys the yellow de- 
veloper whose amount Is regulated by the doctor blade s 
1 35Y from the rear side to the front side as seen in FIG. 
11. The magnetic permeability sensor 136Y detects 
. magnetic permeability of the yellow developer in the yel- 
low developing unit 131Y. The paddle 133Y includes a 
plurality of paddle members on an outer periphery of a io 
hollow cylindrical part of the paddle 133Y so as to agitate 
the yellow developer in the yellow developing unit 1 31 Y. 
A plurality of developer discharging openings (not 
shown) arefomied with the hollow cylindrical part of the 
paddle 1 33 Y. Further, a developer conveying screw (not i5 
shown) is provided inside of the hollow cylindrical part 
of the paddle 133Y to convey the yellow developer from 
the front side to the rear side as seen in FIG. 11 . A part 
of the yellow developer ihus conveyed by the developer 
conveying screw is discharged from the hollow cylindri- 20 
cal part of the paddle 1 33 Y through the above<lescribed 
developer discharging openings. An appropriate 
amount of the yellow toner contained in a toner contain- 
er (not shown) is replenished to the yellow developing 
unit 131 Y according to a detect output of the magnetic 25 
permeability sensor 136Y. 

[0113] By performing the following image forming 
process for a full color image, a full color first side toner 
image and a full color second side toner image are 
fonned on the intermediate transfer belt 201 in the print- so 
er 100A. Specifically, the surface of the photoreceptor 
121 is uniformly charged by the charging device 123 
while the photoreceptor 121 is driven to rotate in a coun- 
terclockwise direction In FIG. 9. Subsequently, an elec- 
trostatic latent image Is fomied on the surface of the 35 
photoreceptor 121 by an scanning/exposing process by 
the exposure device 110 according to image informa- 
tion. The image infomnation includes each of separated 
color image information for yellow, magenta, cyan, and 
black. The electrostatic latent image is formed for each ^ 
of separated colors. 

[01 1 4] The electrostatic latent image tor each of sep- 
arated colors is developed with colortoner by the revolv- 
er type developing device 130, and thereby yellow, ma- 
genta, cyan, and black toner images are formed on the ^5 
photoreceptor 121 . 

[0115] Particularly, an eledroslalic latent image for 
yellow is fonned on the photoreceptor 121 , and is then 
dev loped with yellow toner by the yellow developing 
unit 131Y. Thereby, a yellow toner image is formed on so 
the photoreceptor 121 . The yellow toner image is then 
transferred onto the intcmnodiato transfer belt 201 at the 
intermediate transfer nip part. Subsequently, an electro- 
static lat nt image for magenta is formed on th pho- 
toreceptor 121. Bef or a leading edge of the el ctrostat- ss 
ic latent image for mag nta is mov d to a d veloping 
position by rotation of the photoreceptor 1 21 , the revolv- 
er type developing device 130 is rotated in the counter- 



clockwise direction in FIG. 11 by about 90*. By this ro- 
tation, the magenta developing unit 131 M is situated at 
the developing position to fomri a magenta toner image 
on the photoreceptor 1 21 by developing the electrostatic 
latent image for magenta with magenta toner The ma- 
genta toner image is transferred onto the intennediate 
transfer belt 201 so as to be superimposed with the yel- 
low toner image. In a similar manner, a cyan toner image 
and a black toner image are sequentially formed on the 
photoreceptor 121 and transferred onto the intermedi- 
ate transfer belt 201 so as to be superimposed with the 
previously formed toner images. After the last black ton- 
er image is transferred onto the intennediate transfer 
belt 201 and superimposed with the previously fonned 
toner Images, a full color toner image of four colors is 
fonned on the intermediate transfer belt 201 . 
[01 16] A first side full color toner Image and a second 
side full color toner image thus formed on the interme- 
diate transfer bell 201 are respectively transferred onto 
the sheet conveying belt 10 and a transfer sheet P at 
the secondary transfer position as described eariier 
[01 17] In the printer 1 0OA thus constructed, toner im- 
ages of respective colors are superimposed with each 
other not in the two-side transfer device 20 but in the 
intennediate transfer unit 200. The superimposed full 
color toner image is transferred onto the sheet convey- 
ing belt 10 or a transfer sheet P at one time in the two- 
side transfer device 20. With this construction, it is not 
necessary to rotate the sheet conveying belt 1 0 holding 
the transfer sheet P many times for f omning a superim- 
posed full color toner image. 

[0118] The intennediate transfer unit 200 includes a 
cleaning device (not shown) configured to be brought 
into contact with and separated from the intermediate 
transfer belt 201 . The cleaning devk^e is separated from 
the intermediate transfer belt 201 while the toner images 
of respective colors are superimposed with each other 
on the intemnediate transfer belt 201 . The cleaning de- 
vice is brought into contact with the intermediate transfer 
belt 201 at a timing after the superimposed full colorton- 
er Image is transferred from the intermediate transfer 
belt 201 onto the sheet conveying belt 10 or a transfer 
sheet P at the secondary transfer position. 
[0119] FIG. 12 is an enlarged view of a construction 
of a part of the two-side transfer device 20 and the In- 
termediate transfer belt 201. Referring to FIG. 12, the 
stretch roller 12 has a diameter of about 16 mm, the 
transfer roller 15 has a diameter of about 10 mm, and 
the drive roller 202 has a diameter of about 30 mm. 
[01 20] When the coordinates of the central axis of the 
drive roller 202 is (0, 0), the stretch roller 12 having the 
diameter of about 16 mm is an-angcd such that the cen- 
tral axis of the stretch roller 12 is positioned at the co- 
ordinates (-22.1, -8.2). Further, the transfer roller 15 
having the diamet r of about 10 mm is arranged such 
that the c ntrat axis of the transfer roller 1 5 is positioned 
at the coordinates (-20.0, 13.2). 
[01 21 ] The line connecting the central axis of the drive 
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roller 202 and the c ntral axis of the roller 12 and a hor- 
izontal line X form an angle e of 20° therebetween. The 
arrangement position of the two-side transfer device 20 
relative to the drive roller 202 is set such that the inter- 
mediate transfer belt 201 intrudes into a part of the sheet 5 
conveying belt 10 spanning the stretch roller 12 and the 
transfer roller 1 5 by an intrusion amount K of about 0.54 
mm. 

[0122] In the above-described two-side transfer de- 
vice 20 thus constructed, the part of the sheet conveying io 
belt 10 spanning the stretch roller 12 and the transfer 
roller 15 is positively biased against the drive roller 202 
by the stretch roller 12 and the transfer roller 1 5. There- 
by, the above-described part of the sheet conveying belt 
1 0 is adequately wrapped around a part of the outer cir- i5 
cumference of the drive roller 202. In this embodiment, 
the sheet conveying belt 10 is wrapped around about 
one-tenth of the peripheral length of the drive roller 202, 
thereby forming a secondary transfer nip part having a 
width of about 8.7 mm. In the case of forming such the 20 
secondary transfer nip part, as compared to a point con- 
tact of the intermediate transfer belt 201 and the sheet 
conveying belt 1 0 at the secondary transfer position, the 
intcmncdiate transfer bolt 201 and the sheet conveying 
belt 10 securely contact each other at the secondary 25 
transfer position , so that occu rrence of blu rring of a toner 
image transferred from the intermediate transfer belt 
201 onto the sheet conveying belt 1 0 or a transfer sheet 
P due to unstable contact condition of the intermediate 
transfer bell 201 and the sheet conveying belt 1 0 at the 30 
secondary transfer position may be restrained. 
[0123] As seen from FIG. 18. when the intrusion 
amount of the intermediate transfer belt 201 into the 
sheet conveying belt 1 0 by use of the drive roller 202 is 
less than 0.2 mm, the transfer rate of 90% or greater is 35 
not obtained. Because when the intrusion amount of the 
intemnediate transfer belt 201 into the sheet conveying 
belt 10 by the use of the drive roller 202 is less than 0.2 
mm, the contact of the intermediate transfer belt 201 and 
the sheet conveying belt 1 0 is not sufficient, resulting in 
an inferior transfer of a toner image. In the printer 1 0OA 
according to the embodiment of the present invention, 
because the intrusion amount K is set to 0.2 mm or 
greater (i.e., about 0.54 mm): the transfer rate of 90% 
or greater can be obtained. 45 
[0124] As Illustrated in FIG. 19, the lifting amount of 
the 180K sheet sharply increases after the intrusion 
amount of the intermediate transfer belt 201 into the 
sh t conveying belt 10 by use of the drive roller 202 
exceeds 0.6 mm. When a transfer sheet P is curled at so 
the secondary transfer nip part, a sheet jam tends to oc- 
cur, and an inferior transfer of a toner image tends to 
occur when the first side toner image on the sheet con- 
veying belt 1 0 is transferred onto the first she t side of 
the transfer sheet P by the action of the transfer charger 55 
1 7, du to an insufficient contact of the first side toner 
image and the transfer she t P. 
[0125] Therefore, the intrusion amount K is set to 0.6 



mm or less (i.e., about 0.54 mm) in the printer 1 0OA. and 
thereby the above-described inferior transfer of a loner 
image and sh et jam is typically avoided. 
[0126] With respect to the stretch roller 12 and the 
transfer roller 15 which serve to fonm the secondary 
transfer nip part, respective materials, cross section 
constructions, lengths, and diameters of the stretch roll- 
er 12 and the transfer roller 15 are preferably set such 
that respective flexibility amounts of the stretch roller 1 2 
and the transfer roller 1 5 by the tension of the sheet con- 
veying belt 10 are suppressed to 0.5 mm or less. 
[0127] Specifically, each flexibility amount "y" (mm) of 
the stretch roller 1 2 and the transfer roller 1 5 is obtained 
by the following calculation: 

y = -(6WL'^)/(384EI) 

where "W" (kg/mm) is weight per unit length, "L" (mm) 
is a length of a part of each roller where weight is applied 
by the sheet conveying belt 10, "E" (kg/mm^) is Young's 
modulus, and "1" (mm**) is geometrical moment of iner- 
tia. 

[0128] The length "L" of the part of each roller whore 
weight is applied by the sheet conveying belt 1 0 and the 
geometrical moment of inertia "I" are preferably set such 
that the flexibility amount "y" of each roller is suppressed 
to 0.5 mm or less. Further, a material of each roller is 
preferably selected such that the Young's modulus "E" 
and the weight per unit length "W" allow the flexibility 
amount "y* of each roller to be 0.5 mm or less. 
[0129] By suppressing the flexibility amount "y" ot the 
stretch roller 12 and the transfer roller 15 to 0.5 mm or 
lesS: meanders of the sheet conveying belt 10 at the 
secondary transfer nip part may be prevented. 
[0130] The geometrical moment of inertia "1" is ob- 
tained by the following calculation: 

I = 7C(D1'* - D2^)/64 

where D1 is an outer diameter of a roller and D2 
is an inner diameter of a roller. 

[0131] In this embodiment, the printer 1 0OA employs 
the transfer roller 1 5 which is a conductive solid (not hol- 
low) roller made of stainless and has a diameter of about 
10 mm. By use of such the transfer roller 15, the flexi- 
bility amount "y" of the transfer roller 15 is suppressed 
to 0.5 mm or less. Further, the printer 1 0OA employs the 
stretch roller 1 2 which is a solid (not hollow) roller made 
of stainless and has a diameter of about 1 6 mm. By use 
of such the stretch roller 12, the flexibility amount "y" 
the stretch roller 12 is suppressed to 0.5 mm or less. 
[0132] Further, the charging of the stretch roller 12 
due to friction between the sheet conveying belt 1 0 and 
the stretch roller 1 2 is obviated by grounding the stretch 
roller 12. In this embodiment, a secondary transf r bias 
of 7 kV or I ss is applied to the transfer roller 15. In this 
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condition, an electric discharge between the transfer 
roller 15 and the stretch roller 12 is obviated by sepa> 
rating the transfer roller 1 5 from the stretch roller 1 2 by 
a distance LI in FIG. 12 of about 5 mm or more. Partic- 
„ ularly, the distance LI is set to about 7 mm in this em- s 
bodiment. 

[0133] FIG. 13 is a schematic view of the registration 
. rollers 28 and the secondary transfer nip part between 
the intermediate transfer belt 201 and the sheet convey- 
ing belt 1 0. As Illustrated In FIG. 13, the registration roll- io 
ers 28 are an-anged in a position such that a leading 
edge of a transfer sheet P fed from the sheet feeding 
cassene 26 contacts the Intemriedlate transfer belt 201 
before contacting the sheet conveying belt 10. In such 
an an^angement of the registration rollers 28, as com- is 
pared with a case in which a leading edge of a transfer 
sheet P fed from the sheet feeding cassene 26 contacts 
the sheet conveying belt 1 0 before contacting the Inter- 
mediate transfer bell 201, a loner image can properly 
be transferred from the intermediate transfer belt 201 to 
the transfer sheet P. 

[01 34] The above-described two-side transfer device 
20 includes the solenoid 25 serving as a contacting/sep- 
arating device that contacts and separates the two-side 
transf r device 20 from the intemnedlate transfer belt 25 
201 . The stretch roller 1 1 of the two-side transfer device 
20 is a drive roller that drives the sheet conveying belt 
10 to rotate. As illustrated In FIGs. 14A and 14B, the 
two-side transfer device 20 swings around the stretch 
roller 11 in a direction Indicated by a double-headed ar- 30 
row B by an ON/OFF operation of the solenoid 25. 
[01 35] The belt cleaning unit 50 arranged in a position 
where the sheet conveying belt 10 is sandwiched be- 
tween the belt cleaning unit 50 and the stretch roller 14 
of the two-side transfer device 20 is configured to swing 35 
around the toner conveying screw 53 in a direction indi- 
cated by a double-headed arrow A in FIGs. 1 4A and 1 48 
by the contacting/separating mechanism (not shovyn). 
[01 36] When the two-side transfer device 20 is swung 
leftward in FIG. 1 48 around the stretch roller 1 1 by turn- 40 
ing on the solenoid 25, the belt cleaning unit 50 is biased 
by the stretch roller 14, and thereby the belt cleaning 
unit 60 Is inclined leftward in FIG. 148 around the toner 
conveying screw 53. As illustrated in FIG. 148, when 
the two-side transfer device 20 and the belt cleaning unit -^5 
50 are swung and inclined as described above, the 
she I conveying bell 10 is separated from the interme- 
diate transfer belt 201 . As a result, the secondary trans- 
f r nip part does not exist between the intermediate 
transf r belt 201 and the sheet conveying belt 10 as il- so 
lustrated in FIG. 148. 

[0137] On the other hand, by turning off the solenoid 
25, th two-side transfer device 20 is swung rightward 
in FIG. 14A around the stretch roller 11 . At substantially 
the same time, the belt cleaning unit 50 is swung right- 55 
ward in FIG. 14A around the toner conveying screw 53 
by the contacting/separating mechanism (not shown). 
Thereby, the sheet conveying b It 1 0 contacts the inter- 



mediate transfer belt 201 as illustrated in FIG. 14A. 
[0138] As described above, in the printer 100A ac- 
cording to the embodiment of the present invention, the 
sheet conveying belt 1 0 is configured to be separated 
from the Intennedlate transfer belt 201 by the contact- 
ing/separating device if necessary. Therefore, loads on 
the sheet conveying belt 10 and the Intermediate trans- 
fer unit 200 may be reduced, and the transfer perform- 
ance of the two-side transfer device 20 may be properly 
maintained. Further, a foreign substance clogged in the 
secondary transfer nip part may be easily removed 
therefrom. 

[01 39] It Is preferable that the sheet conveying belt 1 0 
be brought into contact with the intemnediate transfer 
belt 201 during at least a period of time in which the first 
side toner image and the second side toner image on 
the intermediate transfer belt 201 pass a position where 
the first side toner image and the second side toner Im- 
age oppose the sheet conveying bell 1 0 by rotation of 
the intermediate transfer belt 201. By contacting the 
sheet conveying belt 10 and the intenmediate transfer 
belt 201 in the above-described period of time, the first 
side toner image and the second side toner Image on 
the intermediate transfer bolt 201 may surely enter the 
secondary transfer nip part. 

[01 40] It is more preferable that a contact condition of 
the sheet conveying belt 10 and the intennediate trans- 
fer belt 201 be maintained during a period of time in 
which a toner image on the photoreceptor 121 is trans- 
ferred to the intennediate transfer belt 201 in addition to 
the above-described period of time. Thereby, toner im- 
ages are not disturbed at the intermediate transfer nip 
part by vibrations caused by contacting and separating 
the sheet conveying belt 1 0 from the intennediate trans- 
fer belt 201 . As a result, image blurring is prevented. 
[0141] It is still more preferable that a sheet jam de- 
tecting device be provided to detect an occurrence of 
sheet jam in a sheet conveying path from the sheet feed- 
ing cassette 26 to the sheet discharging and stacking 
part 40. When the sheet jam detecting device detects 
an occurrence of sheet jam, the sheet conveying belt 10 
is separated from the intermediate transfer belt 201 . 
[0142] As an example of the sheet jam detecting de- 
vice, as illustrated in FIG. 9, the sheet detecting sensor 
35 such as a photosensor may be provided in the vicinity 
of the sheet discharging device 34. When the sheet de- 
tecting sensor 35 does not delect a transfer sheet P after 
a predetermined time has elapsed since the sheet feed- 
ing roller 27 feeds out the transfer sheet P, it is judged 
that a sheet jam occurs in a sheet conveying path. Even 
if a transfer sheet P is jammed in the secondary transfer 
nip part, the transfer sheet P may be easily removed 
from the sheet conveying path by separating the sheet 
conveying belt 10 from th intennediate transfer belt 201 
based on a detection output of the sheet jam detecting 
device. 

[0143] As d scribed above, the secondary transfer 
nip part is formed betwe n the sheet conveying belt 10 



15 

XJID: <EP 1237056A2J_> 



29 



EP 1 237 056 A2 



30 



and the intermediate transfer belt 201 by use of the 
transfer roller 15 and the stretch roller 12, However, the 
transf r roller 1 5 is not necessarily used for the second- 
ary transfer nip part. 

[01 44] FIG. 1 5 is a schematic view of a part of the two- 5 
side transfer device 20 and the intemnediate transf er belt 
201 according to an alternative example. In this alterna- 
tive example, a secondary transfer nip part is formed by 
arranging the intemnediate transfer unit 200 and the two- 
side transfer device 20 such that the intenmediate trans- io 
fer belt 201 intrudes into a part of the sheet conveying 
belt 1 0 spanning the stretch roller 1 9 and the stretch roll- 
er 12 as illustrated in FIG. 15. Further, the conductive 
brush 21 is arranged in the two-side transfer device 20 
such that the conductive brush 21 contacts a rear sur- is 
face of the sheet conveying belt 1 0 between the stretch 
roll rs 19 and 12. A secondary transfer bias is applied 
to the sheet conveying belt 10 by the conductive brush 
21 . The conductive brush 21 contacts the sheet convey- 
ing belt 1 0 at a position downstream of the center of the 20 
drive roller 202 in the moving direction of a transfer sheet 
P by a distance "L2". In this alternative example, the dis- 
tance "L2" is set to about 8 mm. The conductive brush 
21 contains foreign substances sandwiched between 
the sheet conveying belt 10 and the conductive brush 2s 
21 in its flexible brushes, thereby decreasing damage 
to the sheet conveying belt 1 0 due to foreign substances 
sandwiched between the sheet conveying belt 10 and 
the conductive brush 21 . 

[0145] In the embodiment, beside the process car- 3o 
tridge 1 20, the two-side transfer device 20 is configured 
so as to be replaced with a new one when its useful life- 
time ends in a similar manner as described in the printer 
100 referring to FIG. 8. 

[0146] Next, a printer as an image forming apparatus 35 
to which the present invention is applied according to 
another embodiment of the present invention will be de- 
scribed. 

[0147] FIG. 1 6 is a schematic cross sectional view of 
a printer 1 GOB. The construction of the printer 1 0OB is 
similar to that of the printer 100A of FIG. 9, therefore, 
members having substantially the same functions as 
those used in the printer 100A of FIG. 9 will be desig- 
nated with the same reference characters and their de- 
scription will be omitted. 4s 
[0146] As illustrated in FIG. 16, the printer 100B in- 
cludes four photoreceptor units 300Y, 300M, 300C, and 
300K instead of the revolvertype developing device 1 30 
of the printer 100A. The photoreceptor units 300Y, 
300M,300C, and 300K form a yellow toner image, a ma- so 
genta toner image, a cyan toner image, and a black ton- 
er image, respectively. The constructions of the photore- 
ceptor units 300Y, 300M, 300C, and 300K are substan- 
tially the same exc ptthatth photor ceptor units 300Y, 
300M, 300C, and 300K form toner images of different 55 
colors. The construction of the photoreceptor unit 300 Y 
will be described as a representative example. The pho- 
toreceptor unit 300Y includes a drum-shaped photore- 



ceptor 301 Y serving as a first image bearing member, 
a charging roller 302Y that unifonnly charges the pho- 
toreceptor 301 Y. a cleaning device 303Y, and a devel- 
oping device 304Y, The photoreceptor units 300Y, 
300M, 300C, and 300K are integrally assembled in a 
process cartridge 31 0. The process cartridge 31 0 is re- 
placed with a new one when its useful lifetime ends. 
[0149] An exposure device 11 OA is configured to in- 
dividually expose the photoreceptors 301 Y 301 M, 
301 C, and 301 K. For example, when forming a yellow 
toner image, the exposure device 11 OA exposes the 
photoreceptor 301 Y uniformly charged by the charging 
roller 302Y, thereby fomiing an electrostatic latent im- 
age for yellow. The electrostatic latent image for yellow 
is developed with yellow toner by the developing device 
304Y, so that a yellow toner image is formed on the pho- 
toreceptor 301 Y. In a similar manner a magenta toner 
image, a cyan toner image, and a black toner image are 
formed on the photoreceptors 301 M, 301 C, and 301 K, 
respectively. 

[0150] An intermediate transfer unit 200A includes an 
intemnediate transfer belt 201A spanning a drive roller 
202A, seven driven rollers 203A, and a cleaning back 
up roller 204A. The photoreceptor units 300Y 300M, 
300C, and 300K are arranged so that the respective 
photoreceptors 301 Y, 301 M, 301 C, and 301 K contact 
the intermediate transfer belt 201 A and form transfer nip 
parts between the photoreceptors 301 Y, 301 M, 301 C, 
and 301 K and the intermediate transfer belt 201 A. re- 
spectively. Further, intermediate transfer bias rollers 
205Y, 205M. 205C. and 205K abut a rear surface of the 
intenmediate transfer belt 201 A at the respective trans- 
fer nip parts. The yellow toner image, the magenta toner 
image, the cyan toner image, and the black toner image 
fonned on the photoreceptors 301 Y, 301 M, 301 C, and 
301 K are sequentially transferred onto the intermediate 
transfer belt 201 A by influence of the transfer bias ap- 
plied from the intermediate transfer bias rollers 205Y, 
205M, 205C, and 205K and nip pressure, and are su- 
perimposed each other on the intermediate transfer belt 
201 A. Similarty as in the printer 100A of FIG. 9, the su- 
perimposed full color toner image on the intenmediate 
transfer belt 201 A is transferred onto the sheet convey- 
ing belt 1 0 or a transfer sheet P at one time at the sec- 
ondary transfer position. 

[01 51 ] The intenmediate transfer unit 200A includes a 
belt cleaning device 206 thai removes unnecessary lon- 
er remaining on a surface of the intermediate transfer 
belt 201 A after the superimposed full color toner image 
is transferred from the intermediate transfer belt 201 A 
onto the sheet conveying belt 10 or a transfer sheet P 
at the secondary transfer position. 
[0152] As illustrated in FIG. 16, the belt cleaning de- 
vice 206 includes a brush roller 207 that rotates with the 
intenmediate transfer belt 201 A sandwiched between 
the cleaning back up roller 204A and the brush roller 
207. The belt ci aning device 206 further includes a bias 
roller 208 that rotates in contact with the brush roller 207, 
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a blade 209 that abuts the bias roller 208, and a con- 
veying screw 210. The brush roller 207 scrapes off the 
residual toner on th intenmediate transfer belt 201 A by 
the rotation thereof. The scraped off ton r is transferred 

. onto the bias roller 208 by the bias applied thereto. 5 
Then, the blade 209 scrapes off the toner on the bias 
roller 208. The scraped off toner is conveyed to a col- 

, looting part (not shown) by the conveying screw 21 0 so 
as to be appropriately disposed of. 

[0153] As compared to the printer 1 0OA of FIG. 9, the io 
phnter 100B of FIG. 16 may perform an image forming 
process at a higher speed. Specifically, in the printer 
1 0OA of FIG . 9, because the printer 1 0OA includes a sin- 
gle photoreceptor 1 21 , it is necessary to fomri each color 
toner image on the photoreceptor 121 by shifting time, is 
Therefore, for example, until a yellow toner image is 
transf rred from the photoreceptor 121 onto the inter- 
mediate transfer belt 201 , an image fomiation of a suc- 
ce ding color loner image (i.e., a magenta loner image 
in the embodiment) may not be started. 20 
[0154] On the other hand, in the printer 100B of FIG. 
1 6, th printer 1 0OB Includes the photoreceptors 301 Y, 
301 M, 301 C, and 301 K for forming respective color ton- 
er images. Therefore, the photoreceptors 301 Y, 301 M, 
301 C, and 301 K may respectively form a yellow toner 2S 
image, a magenta toner Image, a cyan toner Image, and 
a black toner Image at substantiallythe same time. How- 
ever, because there are provided four photoreceptor 
units 300Y, 300M, 300C, and 300K in the printer 1008, 
the printer 1 0OB has a disadvantage in size and cost of 30 
the apparatus as compared to the printer 1 0OA of FIG. 9. 
[0155] In the printer 100B of FIG. 1 6, the photorecep- 
tor units 300Y 300M, 300C. and 300K, and the expo- 
sure device 110A are arranged at an upper side of the 
intennediate transfer unit 200A in a vertical direction. 35 
Alternatively, the photoreceptor units 300Y. 300M, 
300C , and 300K, and the exposure device 1 1 0A may be 
an-anged at a lower side of the Intermediate transfer unit 
200A in a vertical direction. 

[0156] In the case that the photoreceptor units 300Y, 40 
300M, 300C, and 300K. and the exposure device 11 OA 
are arranged at a lower side of the intenmediate transfer 
unit 200A in a vertical direction, the distance in which 
the superimposed full color toner image on the intemne- 
diate transfer belt 201 A reaches a secondary transfer 45 
nip part formed between the intermediate transfer belt 
201 A and the sheet conveying belt 10 may be de- 
creas d. Therefore, an image forming process may be 
Chang d to a next image fonming process in a relatively 
short time, so that a speed of image formation may be so 
further increased. However, in this case, because a light 
omitting opening of the exposure device 11 OA directs 
upward, and the photoreceptor units 300Y, 300M. 300C, 
and 300K are arrang d abov the exposur device 
11 OA, the xposur d vie 11 OA may be stain d by ton- ss 
er dropped from the photoreceptor units 300Y, 300M, 
300C, and 300K. 

[0157] Similarty as In the printer 1 0OA of FIG. 9. in the 



printer 100B of FIG. 16, the arrangement position of the 
two-side transfer device 20 relative to the drive roller 
202A is set such that the intermediate transfer belt 201 A 
intrudes into a part of the sheet conveying belt 10 span- 
ning the stretch roller 12 and the transfer roller 15 by an 
intrusion amount K of 0.6 mm or less (e.g., about 0.54 
mm). Further, the registration rollers 28 are arranged in 
a position such that a leading edge of a transfer sheet 
P fed from the sheet feeding cassette 26 contacts the 
intemnediate transfer belt 201 A before contacting the 
sheet conveying belt 10. 

[0158] Further, in this embodiment, the two-side 
transfer device 20 is configured to be brought into con- 
tact with and separated from the intennediate transfer 
belt 201 A by an ON/OFF operation of the solenoid 25 
in a similar manner as described in the printer 100A re- 
ferring to FIGs. 14A and 14B. 

[0159] In the embodiment, beside the process car- 
tridge 31 0, Ihe iwo-side transfer device 20 is configured 
so as to be replaced with a new one when its useful life- 
time ends in a similar manner as described In the printer 
100 referring to FIG. 8. 

[0160] FIG. 1 7 is a blocl< diagram illustrating a part of 
an electric circuit of the printers 100, 100A, and 100B 
according to the embodiments of the present invention. 
Referring to FIG. 1 7, the control device E2 is connected 
to the process cartridges (6, 120, 31 0), the exposure de- 
vices (7, 1 1 0, 1 1 0A) , the two-side transfer device 20, the 
solenoid 25, the sheet feeding roller 27, the heat fixing 
device 30, and the belt cleaning unit 60. Though it Is not 
shown in FIG. 17, the control device E2 is also connect- 
ed to the revolver type developing device 130 in the 
printer 100A. 

[0161] The control device E2 controls the solenoid 25 
to drive so that the sheet conveying belt 10 is brought 
Into contact with or separated from the photoreceptor 1 , 
the intermediate transfer belt 201 , or the intennediate 
transfer belt 201 A. 

[0162] Specifically, in the printer 100 of FIG. 1, the 
control device E2 controls the solenoid 25 to drive so 
that the sheet conveying belt 10 contacts the photore- 
ceptor 1 during at least a period of time in which the first 
side toner image and the second side toner image on 
the photoreceptor 1 pass a position where the first side 
toner image and the second side toner Image oppose 
the sheet conveying belt 10 by rotation of the photore- 
ceplor 1. In the prinler 100A of FIG. 9 and the prinler 
100B of FIG. 16, the control device E2 controls the so- 
lenoid 25 to drive so that the sheet conveying belt 10 
contacts the intermediate transfer belt 201 or 201 A a 
period of time in which the first side toner image and the 
second side toner Image on the intermediate transfer 
belt 201 or 201 A pass a position where the first side ton- 
r image and the second side toner imag oppose the 
sheet conveying belt 10 by rotation of the intennediate 
transf r belt 201 or 201 A. 

[01 63] In the printer 1 00, the control device E2 f urth r 
controls the solenoid 25 to maintain a contact condition 



X:iD: <EP 1237056A2_I_> 



17 



33 



EP 1 237 056 A2 



34 



of the sheet conveying b It 1 0 and the photoreceptor 1 
during a period of time in which exposure and develop- 
ing processes are performed on the photoreceptor 1 . In 
the printers 100A and 100B, the control device E2 fur- 
ther controls the solenoid 25 to maintain a contact con- 
dition of the sheet conveying belt 1 0 and the intermedi- 
ate transfer belt 201 or 201 A during a period of time in 
which a toner image on the photoreceptor 1 21 or 301 (Y, 
M. C: and K) is transferred to the intermediate transfer 
belt 201 or 201 A. 

[01 64] The control device E2 is also connected to the 
sheet detecting sensor 35. The sheet detecting sensor 
35 detects a transfer sheet P discharged from the sheet 
discharging device 34. The above-described sheet jam 
detecting device is constructed with the control device 
E2 and the sheet detecting sensor 35. As described 
above, when the sheet detecting sensor 35 does not de- 
tect a transfer sheet P after a predeiennined time has 
elapsed since the sheet feeding roller 27 feeds oul the 
transfer sheet P, the control device E2 judges that a 
sheet jam occurs in a sheet conveying path. When the 
control device E2 judges an occurrence of sheet jam, 
the control device E2 controls the solenoid 25 to drive 
so that the sheet convoying belt 1 0 is separated from 
the photoreceptor 1 , the intemriediate transfer belt 201 , 
or the intermediate transfer belt 201 A. 
[01 65] The control device E2 receives a control signal 
for forming an image sent from the host computer 500 
through the interface 1 70 of the printers 1 00, 1 0OA, and 
1 0OB. The control device E2 controls the exposure de- 
vic s (7, 110, 110A), the process cartridges (6, 120, 
310), the two-side transfer device 20, the heat fixing de- 
vice 30, etc. to drive according to the control signal re- 
ceived through the interface 170. 
[0166] According to the embodiments of the present 
invention, the photoreceptor 1 and the sheet conveying 
belt 10 or the intermediate transfer belts 201/201 A and 
the sheet conveying belt 1 0 securely contact each other 
at the transfer position . Therefore, an inferior transfer of 
a toner image such as occurrence of blurring of a toner 
image due to unstable contact condition of the photore- 
ceptor 1 and the sheet conveying belt 1 0 or the intenme- 
diate transfer belts 201/201 A and the sheet conveying 
belt 10 at the transfer position is typically prevented. 
[01 67] The present Invention has been described with 
respect to the embodiments illustrated in figure. How- 
ev r, the present invention is not limited to the embodi- 
ments and may be practiced otherwise. 
[0168] For example, when recording images on both 
Sid s of a transfer sheet P, instead of turning one round 
the sheet conveying belt 10 carrying thereupon a first 
side toner image, the sheet conveying belt 10 can be 
rotated in the reverse direction to convey the first side 
toner image to a transfer position. 
[0169] In the abov embodim nts, a transfer bias is 
applied to the transfer roll r 1 5. However, a transfer bias 
may be applied to the str tch roller 12 instead of th 
transfer roller 15. In this case, the roller 15 needs to be 



grounded. 

[0170] Further in the above embodiments, the first 
image bearing member (i.e., the photoreceptor) is con- 
figured to be a drum. However, the first image bearing 
5 member can be configured to be a belt. The charging 
polarity of the photoreceptors 1,121, and 301 (Y, M, C, 
and K) and the toner, and the polarity of the transfer volt- 
age are examples and can be reversed, respectively, 
[0171] Further, as an alternative to the sheet convey- 
10 ing belt 10, a sheet conveying roHer may be employed 
as a recording medium holding member. 
[0172] Further, in the above embodiments, the expo- 
sure devices 7, 11 0, and 1 1 0A use a laser system. How- 
ever, an LEO system may be also used. 
15 [0173] Furthermore, Instead of a digital type printer, 
the present invention can be practiced in an analogue 
type Image forming apparatus using an analogue type 
exposure device. 

[0174] The present invention has been described with 
respect to the printers 100, 100A, and 100B as an ex- 
ample of an image forming apparatus. However, it is 
needless to say that the present invention can be ap- 
plied to other image forming apparatuses such as a cop- 
ying machine or a facsimile machine. 
[0175] Further when the image forming apparatus ac- 
cording to the above embodiments are color image 
forming apparatuses, the order of forming images of re- 
spective colors and/or the arrangement of the develop- 
ing devices for respective colors are not limited to the 
ones described above and can be practiced otherwise. 
[0176] Numerous additional modifications and varia- 
tions of the present invention are possible in light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present 
invention may be practiced otherwise than as specifical- 
ly described herein. 

[0177] This document claims priority and contains 
subject matter related to Japanese Patent Application 
No. 2001 -057898 filed in the Japanese Patent Office on 
March 2, 2001, and Japanese Patent Application No. 

2001- 189785 filed in the Japanese Patent Office on 
June 22, 2001 , and Japanese Patent Application No. 

2002- XXXXXX filed in the Japanese Patent Office on 
February XX, 2002. and the entire contents of each of 
which are hereby incorporated herein by reference. 

Claims 

1. An image forming apparatus, comprising: 

an image bearing member configured to boar 
a visual Image; 

a visual image forming devic configured to 
form the visual image on the image b aring 
memb r; 

a two-sid transfer device including a recording 
medium holding member spanning a plurality 
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of stretch members to hold a recording medium 
thereon, the two-side transfer device being 
configured to transfer the visual images on the 
Image bearing member onto both sides of the 
recording medium on the recording medium 
holding member while the recording medium 
holding member is being moved in a predoicr- 
mined direction; and 

a fixing device configured to fix the visual im- 
ages transferred onto the both sides of the re- 
cording medium, 

wherein the image bearing member (1; 201: 
201 A) intrudes or meshes into a part of the record- 
ing medium holding member (1 0) , the recording me- 
dium holding member being deflected by an intru- 
sion amount of about 0.2 mm or greater so that the 
recording medium holding member (10) moves in 
conlacl with the image bearing member (1: 201: 
201 A), having a contact width in a predetermined 
direction. 

2. The image forming apparatus according to claim 1 . 
wherein the recording medium holding member (1 0) 
b ing spanned or deflected towards the image 
bearing member by means of at least one stretch 
member, preferably by means of at least two stretch 
members (12, 15). 

3. The image forming apparatus according to claim 1 
or 2, wherein the image bearing member intrudes 
into the part of the recording medium holding mem- 
b r spanning two adjacent ones of the plurality of 
stretch members by an intrusion amount of about 
0.6 mm or less. 

4. The image fomiing apparatus according to claim 3, 
wherein the two adjacent stretch members (12, 15) 
are rollers flexed by tension appliedf rom the record- 
ing medium holding member to the rollers by a flex- 
ibility amount of about 0.5 mm or less, respectively. 

5. The image fomning apparatus according to claim 4, 
wherein the rollers are flexed by tension applied 
from the recording medium holding member to the 
rollers by a flexibility amount of about 0.1 mm or 
less, respectively. 



6. The image fomriing apparatus according to claim 4, 
wherein one of the two adjacent rollers provided 
downstream of a contact position of the image bear- 
ing member and the recording medium holding 
m mber in a moving direction of the recording me- 
dium holding member is a conductive roll r 

7. Th image fomriing apparatus according to claim 4, 
wher in a conductive brush is provided between the 
two adjacent rollers to contact a rear surface of the 



10 



recording medium holding member. 

8. The image fonning apparatus according to claim 6, 
wherein the conductive roller is a metallic roller. 

9. The image fomiing apparatus according to one of 
claims 6 or 7, wherein one of the two adjacent rollers 
provided upstream of the contact position of the im- 
age bearing member and the recording medium 
holding member in the moving direction of the re- 
cording medium holding member is grounded. 



10. The image forming apparatus according to claim 9, 
wherein the two adjacent rollers are separated from 

'5 each other by a space of about 5 mm or greater. 

11. The image fomning apparatus according to claim 9, 
further comprising a sheet feeding device config- 
ured to feed the recording medium toward a conlacl 

^0 part of the recording medium holding member and 
the image bearing member wherein the sheet feed- 
ing device is arranged so that a leading edge of the 
recording medium fed from the sheet feeding de- 
vice contacts the image bearing member before the 
recording medium holding member. 

12. The image forming apparatus according to one of 
claims 1 to 11 , further comprising a contacting/sep- 
arating device configured to contact and separate 

30 the recording medium holding member from the im- 
age bearing member. 

13. The image forming apparatus according to claim 

12, further comprising a control device configured 
to control an operation of the apparatus, wherein 
the control device controls the contacting/separat- 
ing device so that the recording medium holding 
member is brought into contact with the image bear- 
ing member during at least a period of time in which 

•*o the visual image on the image bearing member 
passes a position where the visual image opposes 
the recording medium holding member by rotation 
of the image bearing member. 

'*s 14. The image forming apparatus according to claim 

13, wherein the control device further controls the 
conlacling/separaling device so lhal the recording 
medium holding member is brought into contact 
with the image bearing member during a period of 
time in which the visual image forming device forms 
the visual image on the image bearing member. 
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15. The image forming apparatus according to claim 
12, further comprising a control device configured 
55 to control an operation of the apparatus, and a de- 
tecting device configured to detect an occurrence 
of a recording medium jam in a recording medium 
conveying path, wherein the control device controls 
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the contacting/separating d vice to separat there- 
cording medium holding member from the image 
bearing member based on a detect output of the de- 
tecting device. 

16. The image forming apparatus according to one of 
claims 1 to 15, wherein the image bearing member 
includes a first image bearing member configured 
to bear the visual image, and a second image bear- 
ing member configured to bear the visual image 
transferred from the first image bearing member, 
and wherein the image bearing member that in- 
trudes or meshes into the part of the recording me- 
dium holding member spanning the two adjacent 
ones of the plurality of stretch members is the sec- 
ond image bearing member, and wherein the two- 
side transfer device is configured to transfer the vis- 
ual Images on the second image bearing member 
onto both sides of the recording medium on the re- 
cording medium holding member 

17. The image forming apparatus according to claim 
16, wherein the first image bearing member is a 
photoreceptor. 

18. The image forming apparatus according to claim 
16, further comprising an electrostatic latent image 
forming device configured to form an electrostatic 
latent image on the first image bearing member, and 
a plurality of developing devices configured to de- 
velop the electrostatic latent images on the first im- 
age bearing member to form the visual images of 
different colors. 

19. The image fomning apparatus according to claim 
16, wherein the image bearing member includes a 
plurality of first image bearing members, and 
wherein the plurality of first image bearing members 
are configured to bear visual images of different 
colors, respectively. 

20. The image fomning apparatus according to one of 
claims 1 to 1 9 , further comprising a receiving device 
configured to receive a control signal sent from a 
host computer, and a control device configured to 
control the image bearing member, the visual image 
forming device, the fixing device, and the two-side 
transfer device to drive according to the control sig- 
nal received by the receiving device. 

21 . The image forming apparatus according to one of 
claims 1 to 20, wherein the two-side transfer device 
is detachably attached to a main body of the image 
forming apparatus. 

22. A method of forming an image, comprising st ps of: 

fomning a visual image on an image bearing 



member; 

transferring the visual image formed on the im- 
age bearing member onto a recording m dium 
while bending the recording medium; and 
s fixing the visual image on the recording medi- 

um. 

23. The method according to claim 22, wherein the step 
of transferring the visual image includes transfer- 

10 ring the visual images on the image bearing mem- 
ber onto both sides of the recording medium. 

24. Method of forming an image on a transfer sheet (P), 
wherein 

15 

a visual image is formed on an image bearing 
member (1); 

a recording medium holding member (10) being 
arranged opposite to the image bearing mem- 
ber (1 ; 201 ; 201 A) being moved towards the im- 
age bearing member, 

the visual image is being transferred from the 
image bearing member (1 ; 201 ; 201 A) towards 
tho recording medium holding member (10), 
wherein 

the image bearing member (1; 201; 201 A) 
meshes or intrudes into a part of the recording 
medium holding member (10) so that the re- 
cording medium holding member (1 0) moves in 
contact with the image bearing member having 
a contact width in a predetermined direction. 

25. Method according to claim 24, wherein the record- 
ing medium holding member (1 0) is at least partially 
moved or deflected towards the image bearing 
member by means of at least one stretch member 
and in particular by two stretch members (12. 15). 

26. Method according to one of claims 24 or 25, wherein 
the movement or deflection of the recording medi- 
um holding member (1 0) towards the image bearing 
member amounts to about 0.2 mm or more. 
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